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Only two naturally occurring amino hexose3 have so far
been isolated, glucosamine (2-amino-2-deoxy-glucose) and
galactosamine (2-amino-2-deoxy-galactose). As the systematic
name implies these substances are sugars in which a hydroxyl
group is replaced by an amino group. Glucosamine and




components of the mucopolysaccharides . These include such
biologically important compounds as heparin, hyaluronic acid,
tissue polysaccharides, and bacterial polysaccharides. Chitin,
a polymer of N-aoetyl-glucosamine, is present as the organic
skeletal substance of insects, Crustacea, and fungi. These
amino sugars normally possess the D-coniiguration but the
antibiotic streptomycin has been shown to contain N-raethyl-I*-
(2)
glucosamine . Recently an amino pentose (3-&mino-3-deoxy-D-
ribose) has been identified as a component of puromycin^).
D-Glucosamine was first isolated by the hydrolysis of the
chitin in lobster shells^^ and was shown to have a close
structural relationship to D-glucose by its conversion to
- 2 -
(5 )
D-glucosasone on treatment with phenylhydrazine. The
isolation of D-galactosamlne was first reported from
cartilage and tendon mucoproteins^) and this amino hexose
was shown by similar reasoning to be related to D-galactose
Prom 1912 to 1939 > many efforts were made to establish
the configuration of these two sugars. Much indirect
evidence was obtained in the course of this work but no
unequivocal proof of configuration was achieved until 1939
when Haworth, Lake and Peat^ obtained definite evidence by
synthetic methods. These authors treated methyl 4:6-
dimethy1-2: 3-anhydro-p-L-mannoside (I) with raeth&nolic
ammonia and obtained methyl 4:6-dimethyl-2-amino-2-deoxy-p-
D-glucopyranoside isolated as its H-acetyl derivative (II).
Methylation of this gave methyl 2-acetamido-2-deoxy-3,4,6-
trimethyl-p-B-glacopyranoside (III), identical with















P-D-glucosaminide obtained from naturally occurring
(9)
glucosamine. In 1945 D-chondrosamine was synthesised
by the action of ammonia on Is 6-2;3-dianhydro-p-D-
talose (IV). 1:6-Anhydro-2-amino-2-deoxy-D—galactose (V)
was obtained and this on hydrolysis with hydrochloric acid gave
-3-
2-amino-2«-&eoxy-D-galactose hydrochloride (VI) identical with
naturally occurring D-galactosamine hydrochloride.
(IV) (V) (VI)
Poster and Stacey^^ have reviewed the chemistry of
2-amino sugars, the properties of which are similar in many
respects to those of simple sugars. The active amino group,
when unsubstituted and in its positively charged ionic form,
exerts, however, a profound influence on the atom, with
the result that a normally simple operation such as glycoside
formation is very difficult by the ordinary methods. The
inhibixion of this acid catalysed reaction is presumed to be
due to the repulsion of hydrogen ions by the positive charge
(11)
on the neighbouring amino group . This effect is evident
also in the hydrolysis of the methyl glucosaminides. The
hydrolysis constants for these reactions are some 100-200 times
(11)
less than those of the methyl glucosides . Nevertheless,
when the amino group is blocked by a suitable substituent,
glycoside formation can be more readily carried out. For
instance, N-carbobenzyloxy-glucosamine readily gives the
corresponding methyl glucosaminides on treatment with methanolic
-4-
hydrogen chloride (12) However, the acetyl group appears to
he exceptional in this respect for the methyl N-acetyl-
great
glucosaminides can only be prepared withAdifiiculty from
N-acet,> lglucosamine by treatment with aethanolic toluene-£-
{13)
sulphonic acid . Instead it is necessary to treat a
methanolic solution of this compound with an ethereal solution
of diasomethane at low temperature to form the methyl glucos&mi-
(21)
nidev '. The other hydroxyl groups in the molecule do not
appeax* to be influenced by the amino residue.
In recent years amino sugars have been synthesised by
several methods. Treatment with ammonia of a toluene-£-
sulphonyl sugar derivative in which all the remaining hydroxyl
(14,22)
groups are protected by alkali-stable residues leads to
the direct replacement of the toluene-ja-sulphonyl^oxy group by




















Another method is based on the glycosylaiaines (Till) obtained
by the action of ammonia on sugars (711). The carbon chain is
then lengthened by audition of hydrogen cyanide and two epimeric
nitriles (IX) and (X) are produced, and these on hydrolysis and
-5-






























































A novel synthesis of 2-amino~xylose (XIII) has been reported by
degradation, with sodium metaperiodate, of ethyl 2-aeetamido-











The usual method adopted for the synthesis of amino sugars
involves the scission by ammonia of carbohydrate ethylene
oxide ring compounds,
Anhydro sugars of various types have been studied for
many years and a comprehensive review of the work carried out
up to 1944 has been written by Peat.^^ It was not until
1928 that the first true example of the ethylene oxide type
of anhydro sugar was synthesised. Since then many of these
derivatives have been prepared, usually by the saponification
of a sulphonic acid ester of a sugar, This reaction is
recognised as following a fundamentally different course from
(17)
the saponification of a carboxylic ester. Peat considers
that the hydrolysis of a sulphonic acid ester involves a break
between the carbon atom of the chain and its attached oxygen
atom with the formation of a carbonium oatlon.
/CH-O-SOoB > /CH + Q-SOoR
R/ Br
This hydrolysis will occur readily only if there is a suitably
situated nucleophylic group in the molecule, A hydroxy 1 group
on an adjacent carbon atom, if trans situated with respect to
the sulphonyloxy residue, satisfies this condition. The
oxygen atom of the hydroxyl group displaces the sulphonyloxy
group with the formation of an ethylene oxide ring. This
involves a Walden inversion at the carbon atom px-eviously
occupied by the sulphonyloxy group.
-7-
This necessity for trans relationship between the hydroxyl and
sulphonyloxy groups is illustrated by comparison of the action
of sodium methoxide on methyl 4-mesyl-p-D-galactopyranoside
(18)
(X?) and methyl 4-mesyl-p-D-glucopyranoside (XVI). The
glucoside i3 rapidly transformed into methyl 3:4-anhydro-p-D-
galactopyranoside (XVII), but sodium methoxide is without effect
on the galactoside.
XV XVI XVII
The mode of scission of these oxide rings in sugars has in
recent years aroused considerable interest. The reaction is
interiaoiecular and the attacking ion becomes part of the final
product. It is considered that either carbon atom involved in
the oxide ring can develop cation activity, and that the
attacking ion then approaches the active centre on the side
opposite from that originally occupied by the oxide ring, union
occurs and this results in a change of configuration on the
carbon atom which acquires the attacking ion. In many of the
-8-
derivativee studied, both centres appear to become active and
a mixture of two different sugars is produced on scission of
the ring, both of which are configurationally different from
the ring compound itself.
Reagents commonly used to study this scission include
hydrochloric acid (giving O-ohloro-derivatives), sodium
hydroxide solution (giving free sugars), methanolic sodium
methoxide (giving mono-O-methyl sugars), lithium aluminium
hydride (giving deoxy sugars), and ammonia. The action of
(tv) _
dry methanolic ammonia is regarded as an exchange of the NH0
anion derived from ammonia as follows:
NH3 —> NH~ + H+
and the products are amino sugars.
These reactions have been studied by many Investigators,
generally as part of a study of the mode of scission of
ethylene oxide rings, and several amino hexoses have been
prepared from these ring compounds. More recently the method
has been used for the preparation of amino pentoses. The
antibiotic puromycin was shown^^ to contain 3-amino-3-deoxy-D-
ribose (XVIII) and Baker and his collaborators^*^9) have
-9-
synthesised the methyl furanosides and pyranosides of this
sugar. Derivatives of 3-&mino-3-deoxy-D-&rabinose (XIX) and
3-amino-3-deoxy-D-xylose (XX) were also prepared in the course
of this work.
(XVIII) (XIX) (XX)
She separation of the two amino sugars produced on
ammonolysis of the oxide ring has invariably proved difficult.
Fractional crystallisation has proved successful in some
experiments, and it has generally been found that one amino
sugar is formed in greater quantity than the other. Although
several hypotheses have been advanced, based on the conformation
taken^by the pyranose sugar ring, to account for this preferential
cleavage of the ethylene oxide ring, it is not yet possible
to predict, on scission of a particular ring compound, which
of the two possible products will be formed in the larger amount.
The characterisation of the resulting amino sugars, unless
they are derivatives of either glucosamine or galactosamine,
has proved exceedingly difficult since very few authentic
reference compounds of amino sugars have been prepared. "fthen
it has proved impossible to obtain authentic specimens of the
possible products, then identification has been by analogy
-10-
with the products of scission of the ethylene oxide compound
with sodium methoxide, It is assumed that the mechanism of
scission of the ethylene oxide ring is the same with sodium
methoxide (active ion OCHj) as it is with ammonia (active
ion NH2) and that both show the same preference for one
particular direction of ring opening. In other words it is
assumed that a particular ethylene oxide derivative of a sugar,
whether it is split by ammonia or sodium methoxide, gives rise
preferentially to a derivative of the same sugar. For example
Wiggins^22) identified the crystalline derivative obtained in
64$ yield from the amaonolysis of methyl 2:3-anhydro-f>-D-
taloside (XXI) as methyl 3-amino-3-deoxy-£«-I-idoside (XXII) by
analogy with the 64^ yield of methyl 3-methyl-^:6-ben&ylidene-
p-D-idoside (XXIV) obtained on treatment of methyl 2:3-anhydro-






The present investigation is concerned with the mode of
scission of ethylene oxide rings in lyxofuranose derivatives.
Here the sugar ring is considered to be planar and the conforma¬
tion taken up by the sugar cannot be the deciding factor in
the preferential cleavage of the oxide ring. At the same time
new amino pentose sugars have been sunthesised and characterised.
The phosphate esters of sugars are of great biological
importance since they act as intermediates in the breakdown of
glycogen to lactic acid in the muscle, in the fermentation of
sugars to alcohol .'and other products, and, possibly, in
oxidative metabolic processes in general. The specially
important group of hexose phosphates includes glucose 1-phosphate,
glucose 6-phosphate, fructose 6-phosphate, and fructose 1,6-
diphosphate. As a group, the phosphoric esters of sugars are
strongly acidic and the materials have been isolated in many
cases as the crystalline barium, calcium, lead, sodium, or alkaloid
salts. Synthetic carbohydrate phosphoric esters were first
obtained by the direct phosphorylation of the free sugars and
the products from most experiments were mixtures containing
phosphate groups attached to various carbon atoms in the sugar
chain. The phosphorylating agent used was phosphorus
oxychloride at low temperature in the presence of a neutralising
agent such as pyridine. To prevent reaction with more than
one hydroxy! group, it has often been necessary to block the
other groups. Xsopropylidene and acetyl groups have been




More recently diphenyl phosphorochloridate (XXV) has








For phosphate esters substituted at the glycosidic carbon






























of the tetra-acetyl-glycosyl bromide (XXVI) with silver
phosphate followed by deacetylation (25) For hexose 6~phos~
phates (XXIX), the usual method involves the preparation of

































detritaxation, phosphorylation and deacetylation. *
Direct phosphorylation methods have recently been reported
to give reasonable yields of glucose 6-phosxjhate directly
from glucose.^28'29J
Harpur and *uastel^0^ and Grant and long^"^ have
reported that glucosamine is phosphorylated at the expense
of adenosine triphosphate in the presence of aqueous extracts
of ox brain which had been dried with acetone and powdered.
She enzyme involved is presumably brain hexokinase.
N-Acetyl-glucosamine which is not phosphorylated acts as a
competitive inhibitor in this reaction. No attempt was made
to isolate the glucosamine phosphate formed. Brown too has
reported the rapid phosphorylation of glucosamine by A.T.P. in
(12)
the presence of crystalline yeast hexokinase. ' The
product was isolated as the barium salt of an •acid-stable'
reducing phosphate ester of glucosamine. The constitution of
this derivative was established, by elemental analysis and by
the extent of oxidation by periodate, as glucosamine 6-
phosphate. Brown has also shown that this glucosamine
6-phosphate is converted to glucosamine l-phosphate by
phosphoglucomutase from rabbit muscle. The equilibrium
mixture in this conversion contains about 20^ of the 1-
phosphate.
Not a great deal is known about the exact significance
of glucosamine 6-phosphate in metabolic processes. Enzymes
are found in Neurospora crassa which will convert hexose
-14-
6-phosphates to glucosamine 6~phosph-te, acetylate the latter,
and interconvert the acetyl-glucosamine 1- and 6-phosphates
produced.(34) Brown(32) considers that the phosphorylation
of glucosamine by hexokinase may be important in the series
of anabolic stages whereby naturally occurring polysaccharides
containing this sugar are produced. Kalckar and Klenow^^
suggest that the formation of glucosamine 6-phosphate should
also be considered as a pathway in the biosynthesis of
purine ribosides.
When the present work was begun no chemical synthesis of
glucosamine 6-phosphate had been reported. In view of the
markedly increased interest in this metabolite in recent years
and the fact that the amounts prepared by biosynthetic methods
have been very small, it appeared desirable to synthesise and
characterise this compound by chemical means. Not only
would it be of value as a reference compound but, if easily
available, would enable studies to be made of its behaviour
when treated with various enzyme systems. In this way some
insight might be gained into the way in which glucosamine is
utilised in nature.
-15-
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Amino sugars have been sunthesised from xylose
through the methyl 3; 5-isQpropylidene-2-toluene--£--sul-
phonyl-J)-xylofuranosides and the 2:3-anhydro-sugars, In
the course of this work 2:3-aidxy dro-D-lyxofuranoside and
its 5-methyl ether have been prepared by the method of
Percival and Zobrist.^^ the former in an overall yield
of 32j£ from xylose. (Formulae of the intermediates
prepared during the syntheses of the 2:3-anhydro-lyxose
derivatives will be found on p. 30 ), she anhydro—sugar
was isolated as the crystalline a-methyl furanoside and
as a syrupy mixture of the two anomers. In 1955* Baker,
(19)*
Schaub and Williams reported the synthesis of both
anomers of this derivative. While Percival and Zobrist
used, as an intermediate, a syrupy mixture of the methyl
3:5-isopropylidene a- and (3-D-xylofuranosides, Baker partly
separated this material, by distillation, into its two
anomers. This author considered that the separation was
facilitated by the cis and trans position of the glycosidic
methoxyl group with regard to the hydroxyl group on C2.
In the a-furanoside the methoxyl group which is cis to the
hydroxyl group on O2 is considered to be in a favourable
position for intra-molecular hydrogen bonding and this is
3 As this reference occurs frequently it is given hence-
(19)
forth in the abbreviated form Baker,
-17-
thought to lower the ooiling point, whereaa in the p
furanosi&e the glycosidie methoxyl is trans to the hydroxyl
on C?2 ^d caa therefore only bond intermolecularly in the
normal fashion of alcohols.
Methyl 3j5-isopropjlidene- Methyl 3;5-isopropylidene
a-D-xylofuranoside p-D-xylofuranoside
Although Baker carried out the subsequent syntheses
on the two separate fractions and isolated crystalline a
and p methyl furanosides of the anhydro-sugar none of his
intermediate derivatives were obtained in a crystalline
form. In the present work on the large scale preparation
of the anhydro-sugar, separation by distillation of the
anomers of the isopropylidene derivative was attempted.
The specific rotations of the two fractions differed con-
(19)
siderably from the values recorded by Baker. The more
0 0
volatile ('a') fraction had [a]-p +75 (Baker records +18 )
and the less volatile ('p') fraction had [a]j) -80° (Baker
records -64°). That this was a more efficient separation
was confirmed by the ready isolation of the two crystalline
methyl 3i5-»isopropylidene-2-toluene-j£-3ulphonyl-xylof urano-
sides. Hydrolysis of the isopropylidene group with boiling
-18-
1# methanolic hydrogen chloride, a3 used by Percival and
Zobrist,^^ caused extensive anomerisation. Baker^1^
claims that 8Q/£ acetic acid at 50° caused only 15>» con¬
version, As this was shown to he unsatisfactory in the
present work, 0*1$ methanolic hydrogen chloride at room
temperature for 30 minutes was used to hydrolyse this group.
Ho anomerisation occurred and methyl 2-toluene-£-sulphonyl-
a-B-xylofuranoside was obtained crystalline. During
preliminary hydrolysis experiments with the P-anomer, a
crystalline ditosyl ester of methyl p-D-xylofuranoside was
isolated. Partial hydrolysis of the isopropyliaene residue
had presumably occurred during tosylation and the ditosyl
compound had remained with the monotosyl isopropylidene
derivative even after recrystallisation. Ho structure can
be assigned definitely to this compound but if the hydroxy1
(69)
groups in xylose and those in glucose have the same
relative reactivities, then it is probably methyl 2:5-di-
toluene-£-sulphonyl-p-D-xylofuranoside,
Although methyl 2-toluene-£-sulphonyl-0-D-xylafuranoside
could only be obtained as a syrup, good yields of both
crystalline methyl 2:3-anhydro-D-lyxofuranosidea were
readily obtained on hydrolysis of the monotosyl esters.
Two amino sugars, methyl 2-amino-2-deoxy-D-xylo-
furanoside (I) and methyl 3-amino-3-deoxy-D-arabofuranoside
(II), can in theory be obtained on scission with ammonia of







If the mechanism of the action of ammonia on the oxide
ring is the same as that of sodium methoxide then, by
(67)
analogy with the results of Percival and Zobrist, the
amino-arabino3e derivative would be expected to predominate.
Preliminary experiments on the ammonolysis of methyl 2:3-
anhydro-a-D-l^xofuranoside led to the isolation of a
at
crystalline N-acetyl derivative in 54j£ yield. Since
this compound failed to condense with acetone it was
presumably not the 2-amino-xylof'uranose derivative. The
action of toluene-£-sulphonyl chloride at room temperature
on the N-aoetyl derivative showed that no change in the
ring form from furanose to pyranose had occurred as the
di-tosyl derivative isolated (III) gave a positive test for
the presence of a primary toluene-£-sulphonyloxy group on
s Formulae of the araino-arabinose derivatives prepared from
this arnmonolysis and subsequent ammonolysis products may be
found on pp.
- d J-
treatment with sodium iodide in acetone. Jeanloz^"^
NH.Ac
III
postulates the partial formation of an N-tosyl derivative
of N-acetyl-glucosamine in a tosylation carried out at
50°. Ihat this did not occur in the present work was
indicated by parallel experiments carried out at room
temperature on penta-acetyl-B-D-glucosamine, where no
evidence for the formation of an N-tosyl derivative could
(57)
be obtained. In addition lipson states that an N-
tosyl group would not be replaced by iodine under the con¬
ditions used. This was borne out by the failure to
isolate sodium tosylate on treatment of toluene-£-sulphon-
amide with sodium iodide in acetone,
Ihat the crystalline N-acetyl derivative was methyl
3-acetaa,ido-3-deoxy-c-I5-arabofuranoside was further con¬
firmed by hydrolysis with 3N hydrochloric acid at 100°.
A crystalline p hydrochloride was isolated, the specific
rotation of which differed from that recorded for the
hydrochloride of 2-amino-2-deoxy-D-xylose,
(19)
After the above work had been carried out, Bakerx
reported the isolation of the same crystalline N-acetyl
derivative. This author identified it as the 3-amino-
-21-
arabinose compound because hydrolysis led to the isolation
of a crystalline hydrochloride which gave a negative
ninhydrin test in 1*5$ sodium hydroxide solution. The
constants obtained for the hydrochloride in the present
work were in good agreement with those recorded by Baker
for the same derivative.
When the ammonolysis was carried out on the large
scale, attempts were made to obtain a more complete separa¬
tion of the amino-arabinose derivative by solution of the
crude ammonolysis product in hot acetone* This gave, on
cooling, an 85fo yield of the crystalline N-isopropylidene
(19}
derivative (IV) prepared by Baker, ' the specific rotation
of which agreed with the value recorded by the latter
author. H-Acetylation of this compound gave a good yield
of methyl 3-acetamido-3-deoxy-a-D-arabofuranoside
identical with that obtained in the preliminary experiments.
Although readily crystalline, no sample of the N-iso-
propylidene derivative could be obtained which gave a
sh&rp melting point. Three reorystallisations or drying
at 100°/15 mm. for 8 hours brought abou$ little improvement.





extreme sensitivity of the isopropylidene group to acid
suggests that the contaminant may he the hydrolysis product,
methyl 3-amino-3-deoxy-a-D-arahofuranoside, and the
analytical figures are in agreement with this. Baker
records a 54$ yield of the N-isopropylidene-amino-
arabinose from the ammonolysis of the crude ahhydro-sugar
and a 90$ yield from an 'analytically pure' sample.
After removal of the a. N-isopropylidene 3-amino-
arahinose derivative, the residual material (10$ of
theoretical) from the mother liquors was investigated for
the presence of xylose derivatives. It was hoped to
isolate a crystalline methyl N-acetyl-3:5-isopropylidene-
xyloside hut N-acetylation gave a syrup which failed to
yield a crystalline derivative on condensation with acetone.
Separation of any isopropylidene derivative was attempted
by fractionation of the resulting syrup between chloroform
and water, The chloroform fraction gave a very dark
brown non-reducing syrup in an overall yield of 0*2$ from
the crude ammonolysis product, The non-reducing dark
brown syrup (5$ yield from the crude ammonolysis product)
obtained on evaporation of the water soluble fraotion
showed, on chromatographic examination the presence of two
major components having Bq, values olose to, but not
identical with, that of methyl 3-&eetamldo-3~deoxy-a-D-
arabofuranoside. One of these components may be the
corresponding 2-acetamido-2-deoxy-xylose derivative but
no crystalline compound could be isolated.
From the ammonoljsis of the •syrupy1 methyl 2:3-
anhydro-ap-D-lyxofuranoside, after N-acetylation, 21$ of
a crystalline product was isolated. This was proved,
as before, to be a methyl 3-&06tamido~3-deoxy~D-arabo-
furanoside, but a mixed m.p. determination and specific
rotation measurement showed it to be different from the
& form already obtained. The constants for this compound
were, however, in good agreement with those subsequently
(19)
reported for the (3-anomer by Baker. It is worthy of
note that the large difference in the specific rotations
recorded for the crystalline methyl a- and P-D-
arabofuranosides (+128° and -119° in water) is
maintained in the corresponding 3-acetamido derivatives
(+134° and -120° in water). The mother liquors from
this aiamonolysis were not examined further.
Ammonolysis of methyl 2:3-anhydro-p-D-lyxofuranoside
led to the isolation of 62$ of the methyl 3-amino-3-deoxy-
(19)
N-isopropylidene-p-D-arabofuranoside described by Baker.
The specific rotation of this compound was in exact
agreement with that recorded by Baker but, although
recrystallised several times, this derivative also failed
to analyse well and to melt sharply. N-Acetylation,
however, gave a good yield of the crystalline p N-acetyl
derivative isolated in the previous experiment from the
ammonolysis of the mixed methyl 2:3-anhydro-D-lyxofurano-
sides. Unfortunately Baker records no figure for his
yield of N-isopropylidene derivative from an •analytically'
-24-
pure sample of the |3 anhydro sugar but only records a
47$ yield from crude material.
Once more an attempt was zaade to isolate a 3:5-
isopropylidene xylose derivative, Lhio time from the
mother liquors after removal of the 0 N-isopropylidene-
3-amino-arabinose derivative. No crystalline derivative
could be obtained after acetonation and the chloroform
fraction yielded a very dark, non-reducing, syrup in an
overall yield of 0*6$ from the crude ammonolysis product.
The syrup (£3$ yield) isolated from the aqueous fraction
gave a negative test for the iaopropylidene group and
yielded after distillation crystals in 0*6$ yield. The
crystals which gave on chromatographic analysis a single
spot had constants which differed from those of methyl
3-acetamido-3-deoxy-p-D-arabofuranoside and it is presumed
that they are methyl 2-acetamido-2-deoxy-p-D-xylofuranoside.
Chromatographic analysis of the mother liquors gave two
spots one of which was identical with that given by the
crystals, although no further yield of crystals could be
isolated.
Two methylations of the 2:3-anhydro-lyxofuranosides
with the Purdie reagents were sufficient to give the 5-
methyl ethers. The known crystalline a-anomer was
obtained in good yield. The p-anomer was isolated as a
very mobile syrup which, after distillation, crystallised
completely on cooling in ice. The melting point was
difficult to determine as it was below room temperature.
-25-
A mixture of the two anomers was obtained on methylation
of 'syrupy' methyl 2: 3-anhydro-a3-D-lyxof'uranoside.
From the ammonolysis product of methyl 2:3-anhydro-
5-0-methyl-o.-D-lyxofuranoaide a crystalline N-isopropyli-
dene derivative was isolated in 72$ yield and this, like
the analogous compounds from the unmethylated anhydro
sugars, gave a poor melting point and analysis*
N-Acetylation gave a crystalline acetate which was
identified as methyl 3-acetamido-3-deoxy-5-G-methyl-o--D-
arabofuranoside inasmuch as complete metnylation gave
crystalline methyl 3-acetamido-3-deoxy-2:5-di-0-methyl-&-D-
arabofuranoaide, identical with the dimethyl ether
obtained from the methylation of authentic methyl 3-
acetamido-3-deoxy-a-D-arabofuranoside*
Ammonolysis of the 'syrupy* methyl 2:3-anhydro-5-0-
methyl-c.0-D-lyxofuranooide followed by N-acetylation led
to the isolation of a crystalline derivative (21$ of the
N-acetylated product) which was identical with the
methyl 3-acetamido-3-deoxy-5-0-methyl-p-D-arabofuranoside
subsequently obtained and identified.
No crystalline N-isopropylidene derivative could be
isolated after ammonolysis of the $ 5-methy1-anhydro-
sugar. However, after purification by distillation of
the syrupy N-isopropylidene mixture a crystalline N-acetyl
derivative was obtained (49$ of the N-acetylated product).
This was identified as methyl 3-acetamido-3-deoxy-5-0-
methyl-£-D-arabofuranoside by methylation to a crystalline
-26-
dimethyl ether identical with that obtained by repeated
methylation of methyl 3-acetamido-3-deoxy-@-D-arabo-
furanoside. During this latter methylation a crystalline
mono-methyl ether was isolated, and identified, as methyl
3-acetamido-3-deoxy-2-Q-methy1-p-D-arabofuranoside, by
conversion to a mono-tosyl ester which gave a positive
test for the presence of the primary toluene j>-sulphony-
loxy group. It should be mentioned that the ^-derivatives
of 3-acetamido-3-deoxy-D-arabinose were insoluble in
methyl iodide and, although the addition of methanol
brought about solution of the material, complete methyla¬
tion was difficult to effect.
No crystalline xylose derivative could be isolated
from the mother liquors from the ammonolysio of either
the a- or the p-5-methyl-anhydro sugars, although syrups
(2$ yield from the crude ammonolysis product) with
positive rotations were obtained after distillation of
the mother liquors from the (3 5-methyl anhydro sugar.
Ammonolysis undoubtedly causes decomposition for
the crude product is always dark brown and this, besides
depleting the yield, makes the isolation of crystalline
products difficult. The percentage yields of crystalline
3-amino-arabinose derivatives, isolated in the present










In view of the difficulties of isolation it can
safely he said that these yields do not represent the
total arabinose content and it is significant in this
respect that where there is a lower yield there is also
an increase in solubility of the isolated crystals.
While no significant yields of crystalline derivatives
of 2-amino-xylose could be obtained in this work there
is some evidence, in the ammonolysis mother liquors, for
the presence of a sugar derivative other than the arabinose
derivative, but it is considered that thxs does not
represent more than a small fraction of the products.
The results of all four ammonolyses are in fact such
that it may be concluded that the action of ammonia,
(17)
whether it be as NH?"~ as suggested by Peat or as
(78)
as suggested by Ingold, ' favours a break between
and the oxygen atom of the oxide ring and incorporation
of the amino group at C^, Certainly the yield of the 3-
aaino-arabinose derivative obtained from the methyl 2:3-
anhydro-a-D-lyxofuranoside indicates an almost complete
conversion to this sugar.
(67
Percival and Sobrist from the action of sodium
aiethoxide on methyl 2:3-anh^dro-ap-B-lyxofuranoside
isolated 3-methy1-arabinose and 2-methy1-xylose derivatives
in the ratio of 2:1. Similar treatment of the 5-methyl-
anhydro-sugar gave no evidence of the presence of 2:5-
dimethy1-xylose although the yield of the 3i5-dimethyl-
-28-
ar§binose was not very high.
It is difficult to find an explanation which will
account for all the different yields of products from
the fission of these 2:3-epoxide furanose sugar compounds.
Furanose sugar rings are considered to be nearly planar
and therefore theories advanced concerning the direction
of ring fission in pyranose sugars based on the conforma¬
tion taken up by the sugar ring do not apply, The
importance of electronic factors in governing the direc¬
tion of epoxide ring opening has long been realised and
more recently the influence of steric effects exercised
(85)
by substituents has been recognised. It appears
very probable that the direction of fission of epoxide
rings in furanose sugars is influenced by both these
factors. If it is assumed that at the transition stage
bond breaking is more important than bond making then, in
the present instance, although the epoxide ring is attached
to electron attracting substituents on both sides, it is
considered that the effect of the hemiacetal group is the
(86)
stronger. Applying the arguments of Vanderwerf this
would result in preferential cleavage between C3 and the
epoxide oxygen and explain the higher proportion of arabinose
derivatives formed. That this fission is apparently
enhanced in the c-series can be explained as being due to
-29-
the steric effect of the a-glycosidic methoxyl group
hindering attack. The larger yields of arabinose
E = H or Me 3-amino- 2-amino-xylose
arabinose
derivatives from attack by ammonia as compared with
attack by sodium methoxide follow from these assumptions,
for ammonia is a weaker base than GMe and therefore with
ammonia, bond making is even less important than with
OMe .
No reason for the smaller yield of crystalline
arabinose derivatives from the 5-methyl ierivatives after
attack by ammonia can be advanced beyond the fact of
the greater solubility of the crystals in the crystallising
solvent.
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Melting points were determined on the Xofler hot-
stage microscope. Specific rotations were measured in
1 dm. polarimetar tubes. Elemental analyses for G, H,
N, and S were performed by Drs. Weiler and Strauss,
Oxford. Methoxyl,^^) acetyl,and phosphorus^'^
determinations were carried out by the author. Estima¬
tions of acetyl content, on compounds containing an
N-acetyl group, were too variable to have any significance,
for analysis and determination of physical constants, all
compounds were dried in vacuo (0*1 mm.) over phosphoric
oxide. All evaporations were carried out under reduced
pressure at temperatures not higher than 50 . Salts of
silver and barium were removed by filtration through layers
of charcoal and filtercel on a sintered glass funnel and
the residue on the filter washed at least thrice with a
suitable solvent. In the case of the silver salts from
Purdie methylations, boiling acetone was used. All light
petroleum used was the fraction of b.p. 60-80°.
The chromatographic examination of the various N-
acetylated glycosides of amino pentoses was carried out
using butanol-ethanol-water (4:1s5) as eluant and the
sugars were detected according to the method Rydon and
Smith^ with chlorine and starch-potassium iodide. The
values were calculated with tetra-methyl-glucose
(Rq 1'0) as standard.
-32-
The analyses of compounds, new when prepared by the
author, are reported in the form
Found: C, —, H, —«—»
°6H12°6 re!AUires C, H,
whereas for compounds which are mixtures of anomera or
which had already been adequately described in the
literature the form is
Found: C, -.-} H,
Gale. for 0, H,
Throughout the experimental sections, the nomenclature is
in accordance with the recommendations of the Joint
(92.)
Committee on Nomenclature. In the Introduction and
Discussion however, the nomenclature is simplified for
the sake of clarity} the generally recognised trivial
name ©-glucosamine is used throughout instead of the
systematic name 2-amino-2-deoxy-D-glucose.
-33-
!Ehe Syntheses of the Methj'l 2:3-*Anhyaro-D-fyxofuranosides and
their 5-Q-Methyl Ethers.
Me thy! D-Xy 1ofuranoside.
Dry crystalline D-xylo3e (22 g.) was treated with dry
methanolic hydrogen chloride (500 ml., 0*5$) for 5 hours at
(64)
room temperature. Neutralisation with silver carbonate
followed by filtration and evaporation gave a colourless
syrup, which was exhaustively extracted with ethyl acetate.
£he combined extracts were concentrated to a colourless syrup
(18*2 g., 76$ of theoretical) which had +21° (c, 1*0
in EtOH).
Methyl 3t 5~0~Isopropylidene-D-xyloi'uranoside,
Methyl xylofuranoside (18*0 g.) was shaken with dry
acetone (600 ml.), acetaldehyde (0*20 ml.) and anhydrous copper
sulphate (60 g.) for 4 days. Concentrated sulphuric acid
(0*4 ml.) was added and shaking continued for a further 24
f 65)
hours. She copper sulphate was removed by filtration
and washed thoroughly with dry acetone. 2he combined acetone
solutions were neutralised with barium carbonate, filtered,
and evaporated to a mobile syrup. Distillation at 110-130°
(bath temperature) /0«05 mm. gave a colourless mobile syrup
(16*8 g., 75$ of theoretical) which had (a]p^ +20° (c, 1*0 in
H20)» 1«4640. (Percival and Zobrist^0^ record -26°
in H20 nj5 1*4640).
Found: acetone, 29*1.




So methyl 3: S-Q-iaopropyliderie-B-xy loside (16*8 g.) in
pyridine (45 ml.), powdered toluene-£-sulph.onyl chloride
(23*0 g.) was added and the mixture kept at room temperature
(66)
for 45 hours in the presence of ♦Drierite' (2 g.). She
filtered reaction solution was poured slowly into stirred ice-
water and the precipitate which formed was washed with ice-
water until free from pyridine. She product was a white




xyloside (19-2 g.) was treated with dry 1$ methanolic hydrogen
chloride (100 ml.) at 70° for 1 hour.^ Neutralisation
with silver carbonate, filtration, and evaporation gave a pale
syrup (15*4 g., 91$ of theoretical), [a]^ +37° (c, 0-8 in
MeOH) nj^ 1*5210. (Percival and Zobrist^0^ record [c]3^ +41°
in MeOH, nj5 1*5269).
Me thy1 2:3-Anhydro-D-lyxo furanoside.
Methyl 2-0-toluene~jJ-3ulphonyl-D-x^lofuranoside (15*4 g.)
in ethane1 (300 ml.) at 75° was titrated with 2N sodium
hydroxide solution until the mixture was permanently pink to
phenolphthalein (22*1 ml,).^^ She solution was evaporated
to dryness and the residue exhaustively extracted with cold
-35-
ethyl acetate. After removal of the insoluble sodium
toluene-£-sulphonate the filtrate was concentrated to a syrup
(6*9 &•« 98$ of theoretical). On standing at 0°, this
Partly crystallised. The crystals (1*8 g., 25^ of theore¬
tical) were identical with the methyl 2:3-anhydro-c-D-lyxo-
(67)
furanoside prepared by Percival and Zobrist. After one
rgcrystallisation from benzene they had m.p. 79°» raixed m.p.
with authentic material 79-80°, +52° (c, 0*4 in HgO).
(Pereival and Zobrist record m.p. 81°, [a +57° in E20).
The residual syrup was freed from water insoluble
imparities and the aqueous solution on concentration gave
a syrup (3*5 g»), -49° (0, 1*1 in HgO). (Percival
and Zobrist^O record +40 ^n f^Q). This product
is considered to be an &-£ mixture of the desired anhydro
compound.
-36-
fractional Distillation of Methyl 3:b-O-Ioopropylidene-D-
xylofuranoside.
Methyl 3s5-O-isopropylidene-OD-xylofuranoside was prepared
(from B-xylose (200 g*)) as described on p. 3 The product
was purified before distillation by solution in water (200 ml.)
and extraction with chloroform (3 x 200 ml.). The dried
chloroform extracts were concentrated to a colourless syrup
(172 g.). This syrup was fractionally distilled (in 30 g.
portions) with a Vigreux column and the specific rotation of
each fraction was used as an indication of the extent of
fractionation. If this value lay between the arbitrarily
set standards, +65°—* -65° > then the product was re-
fractionated. Finally, two fractions were obtained.
Fraction I: 71*6 g. (42;' of theoretical), b.p. range 60-70°/
0*05 mm., average [a]]} +75° (c, 1*0 in CH013), (range of
f>]D + 70°—> +82°), nj8 1*4638.
Fraction IT: 55*2 g. (32^ of theoretical), b.p. range
90-100°/0'05 ram., average [ajp -80° (c, 1-0 in CHC13), (range
of [a)D -65°-> -05°), nj7 1*4650.
Fraction I was believed to be predominantly methyl 3:5-
O-isopropylidene-a-D-xyTofuranoside and fraction II pre¬
dominantly methyl 3:5-0-i3opropylidene-p-D-xylofuranoside.
(19)
Baker, Schaub, and Williams carried out this
fractionation and obtained fractions (I) b.p. 85-88°/0*l mm,,
fy A n Q 2 Q





A cooled eolation of methyl 3:5-0-isoprapylidene-D-
xylofuranoside (71 g., [a]^ +75°) in dry pyridine (120 ml.)
mixed with toluene-£~sulphonyl chloride (73 g.) in the presence
of •Brierite* (7 g#) was allowed to stand at room temperature
for 24 hours. She mixture was then filtered and ice-water
(10 ml.) added to decompose the excess of acid chloride.
She resulting solution was poured into stirred ice-water
(3 1.). After stirring for 3 hours, the precipitated
crystalline solid was separated and dried. Shis product
(92 g,, 7K'$> of theoretical) which had m.p. 77°, [c-3^ +66°
(c, 1*4 in CHCl^) was considered to he sufficiently pure for
further use. This material, methyl 3*. 5-G~isopropylidene-2-
0-1o1uene-£-sulphony1-c-B-xylofuranc, ide, after recrystal-
lisation from light petroleum, had m.p. 79-80°, t&3^ +68°
(c, 1*1 in CHClj).
Found: 0, 53*2; H, 6*1; G, 8*9.
C16H22O7S requires C, 53*6; H, 6*2; S, 9-OfS.
Methyl 3: 5-0-Isooropylidene-2-Q-tolaene-p-sulphonyl-B-I)-
xylofuranosiae.
Methyl 3:5-0-isopropylidene-D-xylofuranoside (55 g.,
(cs,3p -80°) in dry pyridine (100 ml.) was treated as in the
previous experiment with toluene-£-sulphonyl chloride (57 g.).
The product isolated (80 g.) had -37° (c, 1*1 in CHClj).
Hecrystallisation from aqueous methanol gave methyl 3:5-0-
-38-
isopropy lidene-2-0-to luene -]}-sulphony1- (3-D-xy lo furaaoside
(62 g., 64^ of theoretical), m.p, 119-120°, [&3|7 -53° (c,
0.9 in GH013), [a]^8 -44° (c, 0.4 in MeOH). (Percival
and Zobrist ^ record m.p. 120°» [a]p^ -45° in MeOH for
this product).
Me thy1 2-Q-To luene-p-sulphonyl-c,-
D-xylofuranostde.
Preliminary Experiment. Methyl 3:5-0-isopropylidene-
2~Q-toiuene-£-sulphGnyl-c,-I)-xylofuranoside (203 mg.) was
allowed to stand with 0*1$ methanolic hydrogen chloride
(20 ml.) at room temperature until the rotation of the









neutralisation with silver carbonate followed by-
filtration and evaporation gave a syrup which crystallised
completely. Recrystaliioation from chloroform-light
petroleum gave methyl 2-0-toluene-£-sulphonyl-a-I)-xylo-
furanoside (144 mg., 80$ of theoretical), m.p. 90-91°t
-39-
[&]fp +101° (c, 1*3 in OBCl-j).
Found: G, 49-5? H, 5-8; S, 10.4.
g13h1807S requires 0, 49-1; H, 5*7; S, 10*1$.
Large Scale Preparation. Methyl 3:5-0-isopropylidene-
2-0-toluane-£-sulphonyl-©,-.B-xylofuranoside (89 g.) was
treated as in the previous experiment with 0*1$ methanol!©
hydrogen chloride (2200 ml.). The rotation was constant
after 40 minutes and the product, isolated as a syrup (75 g*»
95$ of theoretical), crystallised completely. This was
considered to he sufficiently pure for further use without
recrystallis&tion. It had m.p. 88-90°, [a]f^ +97° (c,
1.2 in CHCI3).
Methyl 2-0-To1uene-o-sulohony1-ft-T?-xy lofuranoside.
Preliminary 5xperiaients. (a) Methyl 3: 5-0-iso-
propylidene-2-0-toluene-£-aulphonyl-p-D-xylofuranoside was
treated with 1$ methanolic hydrogen chloride at room tempera¬
ture and an attempt was made to follow the hydrolysis of
the isopropylidene group hy estimating the acetone liberated,(^8)
However, the methanol present in the aliquots also reacted
with the alkaline hypoiodite and the method was abandoned.
(b) The {3-isopropy"lidene derivative (519 mg.) in 80$
acetic acid (37*5 ml.) was heated at 50°.^^ After 30
minutes the rotation of the solution wp,s found to have
reached a constant value. On cooling, needle shaped crystals
(40 mg*) separated and were removed. No further yield of
-40-
crystals could be obtained from the mother liquors* After
reorystallisation from methanol, the crystals had m.p.
132-133°, [all0 -32° (o, 1*3 in CHCI3),
Found: C, 51*3; 3, 4*9; S, 14*9.
(Sale. for 0x3318078 : 0, 49-1; H, 5*7; S, 10*1.
Calc, for 020H2407S2: G, 50*8; H, 5*1; S, 13*6^.
(O13HX1O7S = Methyl 2-G-toluene-£-8ulphonyl~£-D-xylofuranoaide
O20H24O7S2 = Methyl di-0-tQluene-£-sulphonyl-p-D-xylofuranoside).
The crystals gave a positive test for the presence of a
primary toluene-£-sulpftonyloxy group and this, together
with the analytical figures, indicated that the material
was a di-tosyl ester, possibly methyl 2,5-di-0-toluene-£-
sulphonyl- (3-D-xy lofurano side.
(c) She p-isopropylidene derivative (251 mg.) with
methanolic hydrogen chloride (25 ml.) was kept at room
temperature until the rotation of the solution reached a
constant value (5 minutes). Neutralisation with silver
carbonate, filtration, and evaporation gave a syrup which
could not be crystallised.
(d) She 0-isopropylidene derivative (3*6 g.) after
standing with 0*1$ methanoiic hydrogen chloride (400 ml.)
at room temperature until the rotation of the solution
reached a constant v-xue, gave, after the usual treatment, a
-41-













syrup. Shis on solution in hot methanol and cooling, gave
a small quantity (280 aig.) of the dl-tosyl ester previously
obtained. She residual syrup, methyl 2-0-toluene-£-
sulphonyl-p-D-xylofuranoside , had [c fij ~20°(CHa1*5243.
Large Scale Preparation. She £-isopropylidene
derivative (54 g.) with 0*1$ methanolic hydrogen chloride
(4300 ml.) gave in a preparation similar to the preliminary
experiment (d), syrupy methyl 2-Q-toluene-£-sulphonyl-p-D-
xylofuranoside (45*5 &** 95$ of theoretical).
Methyl 2-0-to1uene-£-sulphonyl-c.-0-xyloiuranoside (75
g.) in ethanol (800 ml.) at 75° was titrated with 2N sodium
hydroxide solution (103 ml.) as previously described (p.94 ).
Evaporation of the ethyl acetate extracts gave a crystalline
residue (34*3 g*) which on recrystalliaction from carbon
tetrachloride gave methyl 2: 3-anhydro-ct-D-lyxofuranoside
(29*3 g.» 85$ of the theoretical), m.p. 80°, fo-lp3* +80°
(c, 1*0 in H20).
Me thy1 2; 3-Anhydro-a-D-lyxo furano side
-42-
Methyl 2: 3-Anh^ dro-f,-D-lyzofurg.nooide.
Methyl S-O-toXuene-^-sulphonyl-p-D-xylofuranoside (45
g.) on similar treatment with. 2R sodium hydroxide solution
(68 ml.) gave a crystalline residue (19*8 g.) which after
recrystallisation from benzene-light petroleum gave methyl
2:i-anhydro-p-D-lyxofuranoslde (17*6 g., 85£ of theoretical),
with. m.p. 73-74°, and [c.]rj8 -104° (c, 1.0 in K2O). (Baker,
Schauta, and Williams record m.p. 74-75°, [c ]|p -102°).
found: C, 49*6; H, 6*7.
Gale• for C6H1004: 0, 49*3I H, 6*9$.
Methyl 2: 3-Anhydro-5-0-mgthyl-&-D-lyxoi'uranoside.
Methyl 2: 3-s.nhydro-a-D-lyxofuranoaide (11*7 g.) in dry
methanol (5 ml.) was methylated at 40° with methyl iodide
(50 ml*) and silver oxide (48 g.), the latter being added
in portions over 6 hours. The silver residues were
removed and thoroughly washed with hot dry acetone. The
combined filtrate and washings were concentrated at room
temperature. Reiaethylation of the crystalline residue
as before (without addition of methanol) gave a crystalline
product (10*6 g.) which on purification by sublimation at
40°/Q.01 mm. gave crystals of methyl 2:3-anhydro-5-0-
methyl-a-D-lyxoiuranoside (9*8 g., 76^ of theoretical),
m.p. 41-42°, (a]§6 +61° (c, 1*4 in H20), [a]g6 +67° (c,
1*2 in MeOH). (Peroival and 3obrist^°7^ record m.p.
43°, [a]*8 +60° in MeOH).
43-
Methjl 2; 3-Anhydro-5 -Q-me thy "1- p-D-lyxo 1urano side.
Methyl 2:3-anhydro-p-D-lyxofuranoside (8*0 g,) in dry
methanol (10 ml.) was methylated three times with methyl
iodide (50 ml.) and silver oxide (48 g.) as in the previous
experiment. The reaction was followed "by noting the
change in the refractive index.
After 1 methylation = 1-4590
"2 H n?1 = 1*4478
3 " ng1 = 1*4478
The final product was a very mobile syrup (7*3 g.),
[c,3dU -84° (c, 0*7 in H2O). Distillation gave a syrup
(6«4 g., 73$ of theoretical), b.p, 54-57°/0-05 mm.,
[a]5° -88° (c, 1*1 in H20), n^1 1*4470.
Pound: 0, 52-8; H, 7*8; OMe, 39*1.
O7H12O4 requires C, 52*5; H, 7*6; OMe, 38*8$*
This syrup, methyl 2: 3-snhydro-5-O-inethyl'~0-D-lyxofuranoside,
orystallised completely on cooling to 0° but melted below
room temperature (m.p. ca. 14-15°).
*Syrupy1 Methyl 2:3-Anhydro-5-0-methyl-P-lyxofuranoside.
1 Syrupy * methyl 2:3-anhydro-D-lyxofuranoside (4-0 g.,
[a]£8 -49°) was methylated three times with methyl iodide
(30 ml.) and silver oxide (20 g.) as before. The reaction
was followed by noting the change in the refractive index.
Starting material n^ 1-4730
After 1 methylation n-j^ 1.450O
» 2 " nJ3 1.4503
" 3 " nj^ 1*4503
-44-
The final product was a very mobile s^rup (3*9 g.» 89^
of theoretical), -38° (c, 0*9 in H20). (Percival
and Zobrist^^ record [o]p^ +24° in H2O).
found: OMe, 38*4.
Gale, for GMe, 38*8^.
Shis syrup is presumed to be a mixture of the two
anomers of methyl 2:3-anhydro-5-0-methyl-D-ly3cofuranoside.
-45-
















































































The Ammonoly sis of Lethal 2: 3-Anhydro-o.-D-lyxofuranoside.
(A) Preliminary Experiment
(i) Aaiaonolysis Crystalline methyl 2:3-anhydro-a-D-
lyxofuranoside (1*40 g.) in a saturated solution of ammonia
in dry methanol (65 ml.) was heated in a sealed tube at
120° for 48 hours. The resulting solution was filtered
and concentrated to a brown syrup (1*55 g.» 99$ of theore¬
tical). All attempts to obtain a crystalline product from
this methyl a-D-pentosaminide mixture (I) failed. Part
of this product (1*0 g.) after distillation gave a colour¬
less syrup (0*85 g.), b.p. 150-170° (bath temperature)/
*
0*01 mm.
(ii) N-Acetylation. The distilled methyl o-D-
pentosaminide mixture (0*85 g.) in water (20 ml.) and
methanol (2 ml.) at 5~ was stirred with anion exchange
resin (Amberlite I.R.400; bicarbonate form) (24 ml.) and
acetic anhydride (0-6 ml.) for 90 minutes.Filtration
and evaporation gave a syrup (0.96 g., 90$ of theoretical)
which on solution in methanol-acetone (1:1) and addition
of ether to turbidity —ve a crystalline product (0»524 g.»
54$ of the crude N-acetylated product) which had m.p.
110-115° and was shovm to be methyl 3-acetamido-3-deoxy-
a-D-arabofuranoside (IX), These crystals on recrystallisa-
tion from acetone had m.p. 120-121°, [e]f^ +134° (c, 0*9
in B20), [a]^2 +124° (c, 0*7 in EtOH). (Baker, Schaub,
-48-
and Williams^19' record m.p. 115-116°, [o]^4 + 102° in H20).
Found: C, 47.2; H, 7-6; N, 6.5.
g8h15°5n requires C, 46*8; B, 7*4; N, 6*8$.
(iii) Attempted formation of an isopropylidene deri¬
vative. Methyl 3-acetainido-3-deoxy-a-D-arabofuranoside
(II) (50 mg.) was shaken with dry acetone (10 ml.),
anhydrous copper sulphate (1 g.) and acetaldehyde (0*1 ml.)
for 14 days. Filtration and evaporation of the filtrate
gave a syrup (45 mg.) which on trituration with acetone
crystallised completely. This product was unchanged
starting material, m.p. and mixed m.p. with starting material
118-120°, [a]p8 +136° (c, 1*0 in H20).
Found: G, 46*9; H, 7*4.
C8H15O5N requires C, 46*8; H, 7*4.
Calc. for C11H19O5N (isopropylidene derivative) C, 53*9; H, 7*8^.
(iv) Tosylation. Methyl 3-acetamido-3-deoxy-a-D-
arabofuranoside, (II) (10 mg.) in dry pyridine (-1 ml.) was
treated with toluene-£-sulphonyl chloride (40 mg.) in the
presence of *X)rierite* (0*1 g.) for 60 hours at room tempera¬
ture. The reaction mixture was filtered, the excess of
acid chloride decomposed with a few drops of ice-water, and
the mixture poured slowly into stirred ice-water. The
resulting precipitate after washing with water and drying
gave methyl 3-acetamido-3-8eoxy-2,5-di-0-toluene-£-
sulphonyl-c,-I>-arab0furanoside (III) as a white powder (8 mg.).
-49-
(v) Treatment of the ditoayl derivative with sodium
iodide. She ditosyl derivative (III) (6 mg.), in dry
acetone (0*1 ml.) was heated with sodium iodide (10 mg.)
/ g -3 \
in a sealed tube at 100° for 2 hours. Characteristic
plate-shaped crystals of sodium toluene-£-sulphonate were
deposited in 88$ yield (after allowance for solubility in
acetone) and were identified as the 3-benzylthiouronium
salt, ra.p. 179-180°. (Hopkins and Williams^1^ record
m.p. 182°). The yield of sodium toluene-jo-sulphonate was
comparable to that obtained from a corresponding quantity
of methyl 2,3»4-tri-0-benzoyl-6-0-toluene-£-sulphon^l-a-
D-mannopyi'anoside (81$ of theoretical). Toiuene-£-sul-
phonamide under these same conditions failed to yield any
sodium toluene-£-sulphonate.
(vi) Hydrolysis of the methyl a-P-pentosaminide mixture.
Crude methyl c-D-pentosaminide (I) (135 mg.) in N sulphuric
acid (11 ml.) was heated at 100° until the rotation of the
solution reached a constant value.









Neutralisation with barium carbonate, iiltration,
arid concentration gave a syrup which was extracted with
water (3x1 ml.). The aqueous extracts -were filtered and
evaporated to a syrup (80 mg., 65$ of theoretical),
[a]^ -47° (c, !•! in H20). This pentosamine mixture
could not he crystallised and no crystalline hydrochloride
could he isolated.
(vii) Hydrolysis of methyl 3-aoetami&o-3-deoxy-&«-D«»
araboi'uranoaide. Methyl 3-acetamido-3-deoxy-o,-D-arabo-
furanoside (II) (91 mg,) in 3N hydrochloric acid (10 ml.)
was heated at 100 until the rotation of the solution
reached a constant value.





The hydrolysis solution was evaporated to dryness and
the residue dried by treatment with ethanol-benzene (3:1)
and removal of the solvents. Trituration with methanol
gave crystals of 3-amino-3-deoxy-£-D-arabiriose hydrochloride
(69 mg., 84$ of theoretical), m.p, 161° (dec.), -143°
(3 minutes) » [«-]n^ -109° (final; 30 minutes) (c, 0*3
(19)
in H2O), (Baker, Sohaub, and Williams record m.p.
159° (deo.) [&]£4 -110°, and -112° in H20).
found: 0, 32-6; H, 6*5; N, 7-3; CI, 18-7.
C5H1]L04N.HC1 requires C, 32-4; H, 6-5; N, 7-6; CI, 19*1$
(3) Large Scale Preparation.
(i) Ammonolysis. Methyl 2: 3-anhydro-o-D-lyxofurano-
side (13*2 g.) in methanolic ammonia (500 ml.) was heated
in an autoclave at 120° for 48 hours. The resulting "brown
solution was filtered and treated twice with charcoal at
room temperature. Bemoval of the solvent gave a hrown
syrup which was freed from ammonia by solution in ethanol
and concentration to a syrup (I) (14*60 g., 99$ of theore¬
tical).
(ii) Separation of a crystalline N-isopropylidene
derivative. The crude ammonolysis product (I) was dissolved
in hot acetone (250 ml.) and the coolefi solution deposited
crystals of methyl 3-amino-3-deoxy-N-isopropylidene-a-D-
arabofuranoside (IV). The mother liquors were concentrated
and treated several times in this way and a total yield of
15*5 g. (85$ of theoretical) of crystalline material was
obtained.
After several recrystallisations from acetone, this
compound had m.p. 120-135°, [a]fp +100° (e, 1*7 in H2O).
(Baicer^1^ records m.p. 157-159°, t0-]^ +98*5° in H2O).
Found: C, 49*8; H, 8*2; N, 7*1.
Calc. for C9 H17O4N : C, 53*2; H, 8*4; N, 6*9.
Calo. for C$Bx304N : 0, 44-2; H, 8-0; N, 8-6^.
(O^HxiO^N = Methyl 3-&mino-3-deoxy-o.-D-arabof uranoside).
The mother liquors were concentrated to a syrup (V)
(1-8 g.).
(iii) N-Acetylation of the crystalline N-iaopropylidene
derivative, A solution of the crystalline N-isopropylidene
derivative (IV) (8-0 g.) in water (200 ml.) was acidified
with 2N hydrochloric acid to hydrolyse the isopropylidene
group and then cooled to 5° with methanol (20 ml.) and
anion exchange resin (Amberlite I.R.400; bicarbonate form)
(200 ml.). Acetic anhydride (5*5 ml.) was added and the
mixture stirred for 90 minutes at 5°. Removal of the
resin, followed by evaporation, gave a syrup which on
solution in eth&nol and addition of light petroleum deposited
crystals (6*62 g. , 82>« of theoretical), m.p. 120-121°,
identical with the methyl 3-acetamido-3-deoxy-a-D-ar%bo-
furanoside (II) previously prepared.
(iv) Investigation of the residual syrup (V). After
removal of the crystalline N-isopropylidene derivative (IV)
from the ammonolysis product, the residual material (V)
(1*8 g.) in water (50 ml.) was N-acetylated in the usual
way with methanol (5 ml.), resin (50 ml.), and acetic
anhydride (1*25 ml.). The syrupy product (1-5 £., 83> of
theoretical) in dry acetone (50 ml.) was shaken with
anhydrous copper sulphate (8 g.) and N sulphuric acid
(19)
(0*08 ml.). After 3 days the copper sulphate was
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removed arid the solution neutralised by addition of ammonium
hydroxide. Evaporation gave a non-reducing syrup (1*0 g.)
which was fractionated between chloroform and water by
a counter-current technique. A syrup (900 mg., 90% of
theoretical) was obtained on evaporation of the aqueous
fraction which had [a]22 +112° (c, 1*1 in H2O), (c.f.
[&]Q +134° in H2O for methyl 3-acetaffi.ido-3-deoxy-c.-D-
arabofuranoside). It was non-reducing to Fehling^s solu¬
tion before, and reducing after, hydrolysis with hot
dilute hydrochloric acid, and gave a negative test for the
presence of the isopropylidene group.Chromatographic
examination (see p. 3/ ) showed the presence of two major
components, Eg 0*67 and Eg. 0*76 (c.f, Eg 0*73 for methyl
3-acetamido-3-deoxy-o-D-arabofuranoside). No crystalline
fraction could be obtained from this product.
Evaporation of the chloroform fraction yielded a syrup
(40 mg., 4/o of theoretical) which was non-reducing to
Fehling*s solution and which gave a faint positive test
for the presence of the isopropylidene group.
Hethylation of methyl 3-aoetamido-3-deox.y-c.-D-
araboi'urc.n.0 ai de.
Methyl 3-acetamido-3-deoxy-a-D-arabofuranoside (II)
(4*0 g.) was methylated in the usual way with methyl iodide
(23 ml.) and silver oxide (20 g.)» The reaction was
followed by noting the change in the refractive index.
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After 1 laethyl&tion 1*4788
After 2 aethylationa nfp 1*4713
After 3 sethylationa 1*4654
After 4 methylations n2p 1*4652
The product was a mobile syrup (4*30 g.) which after distil-
AA
lation, b.p. 50-12C°/0 • 05 » had a?) 1* 4647* and on,
standing partly crystallised. The crystals (2*69 £.>
59;' of theoretical) were freed from syrup by washing with
cold light petroleum. These hygroscopic crystals of
methy1 3-aoetamido-3-deoxy-2,5-di-O-me thy1-c-D-arabofuranoside,
could not be recryetalliaed and had m.p. 57-59°»
|>]|3 +1310 (o, i.o in H2G), and RG 0*97.
Found: 0,57-<6 ; H, 9-/ ; N, &■% ; OMe, 39.2.
°10H19°5M r®H"ireo 0, 51*5? H, 8*2? K, 6*0? OMe, 39* 9'a*
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The Ammonolysis of 'Syrupy* Methyl 2:5-Anhydro--D-X./xofura-
noside.
(i) Ammonolysis. * Syrupy* methyl 2:3-anhydro-D-
lyxofuranoside (2*8 g.) in methanelie ammonia (75 ml.) was
heated in a sealed tube at 120° for 48 hours. The result¬
ing brown solution was concentrated to a syrup which was
treated with charcoal in ethanol. Bemoval of the solvent
gave a syrup (VI) (2«8l g., 90^ of theoretical).
(ii) N-Acetylation. The aamonolysis product (VI)
(1*01 g.) in methanol (20 ml.) and acetic anhydride (2*5 ml.)
was allowed to stand at room temperature overnight.
Dilution with water (10 ml.), neutralisation with solid
sodium bicarbonate, and removal of the solvent gave a
residue which was extracted with chloroform (3 x 80 ml,).
Concentration of the dried extracts gave a syrup (0*76 g.,
59i° of theoretical) which on solution in methanol-acetone
(1:1) and addition of ether to turbidity gave crystals
(160 mg., 11f. of theoretical). These had m.p, 147-149°
and were ahowa to be methyi 3-acetamido-3-deoxy-p-D-arabo-
furanoside (VII). After recrystallisation from the same
solvents they had m.p. 156°, mixed m.p. with the a anomer
(II) 90-100° [a]J8 -165° (c, 1-0 in EtOH), -120© (c, 1.2
in H20). (Baker^1^) records m.p. 155°, [«■]§* -119° in HgO,
for this compound.)
Found: C, 46«2; H, 7-3? N, 6.9.
c8h15°5n retires c» 46-8; H, 7-4; N, 6.8jS.
The mother liquors were re-treated with methanol-acetic
anhydride but no crystalline material could be obtained
from the product which had [a ]J8 -4° (c, 1*5 in H20).
(iii) Attempted formation of an isopropyiidene
derivative* Methyl 3-acetamido-3-deoxy-p-D-arabofuranoside
(VII) (50 mg.) in dry acetone (10 ml.) was shaken with
anhydrous copper* sulphate (1 g.) and acetaldehyde (2 drops)
for 14 days. Filtration and concentration gave & syrup
(46 mg.) which on trituration with acetone crystallised
completely. This product was unchanged starting material,
m.p. and mixed m.p. with starting material 156°, -160°
(c, 0*5 in EtOH).
Found: C, 46*9; H, 7*4.
O8H15O5M requires 0, 46*8; H» 7*4^.
Gale, for (isopropyiidene derivative): G, 53*9?
H, 7-85s.
( iv) Tosylation. Methyl 3-acetairildo-3-deoxy-|3-D-
araboiuranoside (VII) (10 mg.) in dry pyridine (1 ml.) was
treated with toluene-]D-sulphonyl chloride (40 mg.) in
exactly the same as for the a anomer. The ditosyl deriva¬
tive (VIII) was isolated as a white powder (11 mg.).
(v) Treatment of the ditos.yl derivative with sodium
iodide. The ditosyl derivative (VIII) (10 mg.) in dry
acetone (0*1 ml.) was heated with sodium iodide (10 mg.)
/ r ^ \
in a sealed tube at 100° for 2 hours. Characteristic
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plate-shaped crystals of sodium toluene-£-sulphonate were
deposited in 85$ yield.
(vi) Hydrolysis of the aauaono lysis product (VI). She
crude asmonolysis product (VI) (315 mg. ) in N hydrochloric
acid (25 ml.) was heated at 100° until the rotation of the
solution reached a constant value.





Evaporation gave a syrup (354 tag., 99$ of theoretical),
[a]^1 -47° (c, 1*2 in H20), which could not be crystallised,
(vii) Hydrolysis of methyl 3-acetaMdo-3-deoxy-j3-I)-
arabofuranoside. Methyl 3-acet&mido-3-deoxy-{J-J>-arabo-
furanosiae (VII) (40 ag.) was hydrolysed with 3N hydro¬
chloric acid (5 ml.) at 100°. After 1 hour, evaporation
of the hydrolysate gave a syrup which on trituration with
methanol gave crystals (27 mg., 75$ of theoretical), m.p.
161° (dec,), (a]i)® -108° (c, 0*7 in II2O), identical with
the 3-amino-3-deoxy-(3-B-arabinose hydrochloride previously
obtained.
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Th,e Amraonolysis of Hethy1 2: 3-Anh.ydro-pr-D-Iyxofaranoaide.
(i) Ammono lysis.. Crystalline methyl 2: 3-anhydro-p-I)-
lyxoluranoside (8.4 g.) in methanolic ammonia (500 ml.)
was heated in an autoclave at 120° for 48 hours. The
resulting brown solution was filtered and treated twice
with charcoal at room temperature. Filtration and removal
of the solvent gave a brown syrup from which any residual
ammonia was removed as before and a syrup (X) (9*21 g.,
98$ of theoretical) was isolated,
(ii) Separation of a crystalline N-isopropylidene
derivative. The crude a monolysis product (X) (9-2 g.)
was dissolved in hot acetone (50 ml.) and the cooled solu¬
tion deposited crystals of methyl 3-&mino-3-deoxy-N-
isopropylidene-p-.Q-arabofure.noside (XI) (total yield,
7*1 g., 62$ of theoretical). After several recrystallisa-
tions from acetone, this compound had m.p. 130-145°,
[a]^ -36° (c, 1*5 in HgO). (Baker^1^) records m.p.
155-157°, [g]§5 ~96° in K20).
Found: C, 51*7; H, 8*2; N, 6»9.
Oalc. for C9H17C4N : C, 53*2; H, 8-4; N, 6-9$.
The mother liquors were concentrated to a syrup (XII) (3*5 g.).
(iii) N-Aeetylation of the crystalline N-isopropylidene
dei'ivative. A solution of the crystalline derivative (XI)
(4-0 fe.) in water (100 ml.) was acidified and N-acetylated
in exactly the same way as for the a anomer. The product
was recrystallised from acetone to give methyl 3-acetamido-
-59-
3-deox/-p-D-arabofuraaoaide (VII) (3*41 g., 84/e of
theoretical), a.p. 156°, identical with the product iso¬
lated from the ammonolysis of the 'syrupy* methyl 2:3-
anhydro-D-lyxo furanoside.
(iv) Investigation of the residual syrup (XII).
After removal of the crystalline N-isopropylidene derivative
(XI) from the ammonolysis product, the residual material
(3*5 g.) was N-acetylated in the usual way. The syrupy
product (3*4 g. , 96,« of theoretical) in dry acetone (50
ml.) was shaken with anhydrous copper sulphate (8 g,) and
(19)
N sulphuric acid (0*08 ml.). After 3 days the copper
sulphate was removed and the solution neutralised with
ammonium hydroxide. Evaporation gave a non-reducing syrup
(3*0 g., [o]§2 -48° (c, 1«5 in HgO)), which was fractionated
between chloroform and water as in a previous experiment.
The aqueous fraction gave a syrup (2*65 g.» 88*5p of
theoretical) which was distilled, b.p. 170-175°/0*1 mm.,
(O94 g.), [oOS1 -46° (c, 1-0 in H20) (c.f. methyl 3-
acetamido-3-deoxy-(S-I)-arabofurauoside, [e.]^ -120° in i^O).
The syrup was non-reducing to Eehling's solution before,
and reducing after, hydrolysis with hot dilute hydrochloric
acid, and gave a negative test for the presence of the
isopropylidene group. Chromatographic examination (see p.3/)
showed the presence of two mayor components, Kq 0*60 and
Rq 0'70 (c.f, Rg of methyl 3-acetamido-3-deoxy-£-D-arabo-
furanoside 0*64). A solution of this syrup in ethanol-light
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petroleum deposited crystals (60 mg.) which had m.p.
212-214°, -64° (c, 0-9 in H2O5, and E<j 0*60.
Found: G,M>& ; 5 ; N, 5-. J .
requi-r-e-s C,£.&-£ ; tiyJ-Zf- ; N, £>•$ j<y.
_ MeJ U ■
The chloroform fraction yielded a dark brown syrup
(70 mg., 2*3p of theoretical), which was non-reducing to
Fehling's solution and gave a faint positive test for the
presence of the isopropylidene group.
Methylation of methyl 3-aoetamido-3-deoxy-(3-D-araboiuranoside.
Methyl 3-acetamido-3-deoxy-p-D-arabofuranoside (VII)
(2*0 g.) in methanol (15 ml.) was methylated at 40° in the
usual way with methyl iodide (23 ml.) and silver oxide (20
g.). After 3 methylations, a solution of the crystalline
product in acetone-light petroleum deposited crystals
(0.90 g.), m.p. 154-157°. A cooled solution of these in
acetone gave crystals 'A' (580 mg.), and on addition of
light petroleum further crystals *3* (280 mg.) were isolated.
Examination of 'A' . Tj^se crystals were non-reducing
to Fehling's solution, and, after recrystallisation from
acetone as prisms, had m.p. 3^7^, [c ]f}^ -118° (c, 0-7 in H^O)
and mixed m.p. determinations gjive a depression with
starting material, fraction *3*, and authentic methyl
3-acetamido-3-deoxy-5-0-»ethy1-0-3-arabofuranoside.
Chromatographic examination (see p.3/ ) showed the presence
of only one component Rg 0*77.
- . & .3
Found: a, ; ri,J $ ; N, ; OMe, 28.3.
requires C, 49*3; H, 7*8; N-f- 6*4; OMe, 28*3$.
The crystals (50 mg.) were tosylated in the usual
t^op/fyS'&o9 Oft0 0-9 (A, C
way and the toluene-£-sulphonyl ester^ isolated (55 mg,)
gave a positive test for the presence of a primary toluene-
p-sulphonyloxy group,^3) thus identifying the crystals
as methyl 3-&Getamido-3-deoxy-2-0-methy1-p-D-srabofuranoside
Examination of '3*. These crystals were non-reducing
to Fehling's solution and, after recrystalliaation from
acetone-light petroleum as needles, had m.p. 158-160°, and
mixed m.p. determinations showed them to be different
from starting material, fraction 'A', and authentic methyl
3-acetamido-3-deoxy-5-0-methy1-p-D-arabofuranoside.
Chromatographic analysis gave two spots having Rg 0*92
and Bq 0*78 (c.f. Bq values for authentic methyl 3-aoetamido
3-deoxy-2,5-di-O-methyl-£-JD-arabofuranoside (0*92) and
Fraction 'A* (0*77). _
Found: G, 51*0; H, 8*5; N, 5*0; OMe, 36-2.
G10H19°5N rehaires C» 51*5; H, 8*2; N, 6*0; OMe, 39*9.
requires C, 49*3; H, 7*8; N, 6*4; OMe, 28t3$.
(G10H19O5N = Methyl 3-ace.tamido-3-deoxy-2,5-di-0-methyl-
(3-D-arabofuranoside.
G9H17O5M = Methyl 3-aoetamido-3-deoxy-mono-0-methy1-P-D-
furanoside).
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Methylation of the residues. The material left after
the separation of these two fractions (1*1 g. , OMe, 24*9^)
was remethylated three times as before. The product (1*0
g.» 01to 36*5^) was extracted with cold ecetone (2 ml.)
and the extract treated with light petroleum. Needle
shaped crystals of methyl 3-ncetaiaido-3-deoxy-2,5-di-0-
methyl-p-D-arabofuranoside were deposited (0*51 g.) whioh
after recrystallisation from the same solvents had m.p.
174-175°, [a]?3 -107° (o, 0*8 in H2O), and Ra 0-92. (hi)
Pound: 0,57-6 *—&,%-/ ; N,5-9 ; OMe, 39.4-
°10h19°5n requires G, 51-5; H, 8 —2-5 N, 6-0; OMe, 39*9$.
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The Ammonolysis of Methyl 2; j-Anhydro-'j-O-me th;yX-g-D-
lyrofuranoside.
(i) Aamonolysis. Methyl 2: 3-anhydro-5-0-methyl-a-D-
lyxofuranaside (9*1 £•) in methanolic ammonia (500 ail.)
was heated in an autoclave at 120° for 48 hours. The
re suiting brown solution was filtered and treated with
charcoal at room temperature. Bemoval of the solvent
gave a brown syrup which was freed from ammonia by solution
in ethanol and concentration to a syrup (9*51 &.» 94^ of
theoretical).
(ii) Separation of a crystalline N-isopropylidene
derivative. The crude ammonolysis product (9*51 g.) was
dissolved in hot acetone (50 ml.) and the cooled solution
deposited crystals, shown to be methyl 3-amino-3-deoxy-N-
isopropylidene-5-0-methyl-a-B-arabofuranoside (XIII)
(8*34 g., 72/' of theoretical). After several recrystallisa-
tions from acetone, they had m.p. 115-125°» +106°
(c, 0-9 in H2O).
Found: 0, 54*3; H, 9*4; N, 6*4.
G1Q%9°4N re.quiraa C, 55*3; H, 8*81 N, 6*5.
G^H^tjO^N requires C, 47*4; H, 8*5; N, 7-9ft,
(O7HX5O4N = Methyl 3-amino-3-deoxy-5-0-methyl-a-D-arabo-
furanoside).
Concentration of the mother liquors gave a dark brown
s^rup (2*82 g., [a]D +65° (c, 0*7 in H20)), which was
distilled b.p. 100° (bath temperature)/0*03 mm., and this
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ayrtip (520 ®g*5 yielded & farther crop of the above
crystal© (80 ag, )•
(iii) tVAoati latlon of tae oryatalline K~1ao,oro^Uaifli
derivative. the crystalline Jf-iaoprcpylidene derivative
(iilil) (5*81 £.) in water (150 al.) was acidified with 2R
hydrochloric acid and H-aoetylated in the usual way. the
eyrupy product (5*80 g«, 99,» of theoretical) partly
oryotalliwed but the crystals, m.p, 43-45°, could not be
reorystall!©ed• Distillation gave a colourless ayrup
(4*o4 g.) b.p. 140° (bath tempore tare)/Q*05 am., which
oryatalllaed. this product could not be recrystal11sed
but the cryetale could be freed from ©yrup by washing with
ether. Theue hygroscopic cry stale, methyl 3-acetemldo-3-
deoxy-5-0-aethyl~c~l)~&rabofurtu3Aeide, (3*87 g* 5, had a.p.
60-62°, {c^i1 +119° (c, 3.9 in BftG), and % O*QB.(p-30
found*. <J# Jfi'2 ; H, [.£ ; N, f8 ; OMe, 2?. 8.
®9^17^5^ requires 3, 49*3} , *'*8'* *» o*4i dSle, 28*3$*»
(iv) Hyd.rol.iUia of the cr.vstaillne H-ico^roojlldene
derivative. The tf-lsopropylideae derivative (XIII) (227
ag,5 in 21 hydrochloric acid (15 al.) was heated at 100°











Ihe hydrolysis solution was evaporated to dryness but
no crystalline hydrochloride could be isolated.
Methylation of methyl 3-aoeta;aido-3-deoxy-5-0-methyl-
fe-D-ax-abofuranoside.
Methyl 3-aoetamido-3-deoxy-5-Q-methyl-a-D-arabo-
furanoside (1*0 g.) was methylated four times with methyl
iodide (23 ml.) and silver oxide (20 g.) in the usual way.
22
2)he product (1*07 g.) was a mobile syrup and had n§ 1*4548.
Distillation gave two fractions (1) 310 mg, , b.p. 80°
(bath temperature)^*02 mm., the nature of which is being
investigated, and (2) 520 mg., b.p. 100° (bath tempera¬
ture )/0*02 mm., whioh crystallised completely on standing.
She crystals from the latter fraction were isolated by
washing with light petroleum and were identical with the
methyl 3~&cetamido-3-deoxy-2,5-di-0-methyl-a-D-arabo-
furanoside previously prepared. Shey had m.p. and mixed
ra.p. with authentic material 57-59°» [ulo"1" +129° (c, 0*9
in H2O), and 1$ 0*97. (p30
Found; QHe, 39*1*
c10H19°5W requires OMe, 39*9f^.
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The Amrnonolysis of 'Syrupy* Methyl 2:3-&nhydro-5-0-methyl -
o,g-D-lyxoi urano side.
(i) Ammonolysis. * Syrupy * methyl 2: 3-anhydro-5-0-
methyl-o,£-D-lyxofuranoside (1*32 g.) in methanolic ammonia
(60 ml.) was heated in a sealed tube at 120° for 48 hours.
The product was a brown syrup (1*40 g., 96$ of theoretioal),
This on distillation gave a colourless syrup (XIV) (0-76
*t Q
g»), b.p. 110-120° (bath temperature)/0*02 mm., [a]Q -42°
(c, 1*4 in EtOH).
(ii) N-Aoetylation. The distilled product (XIV)
(535 mg.) was N-aeetylated in the usual way and the product
(605 mg., 91$ of theoretical) was a syrup which on solution
in aoetone and addition of light petroleum deposited
crystals (125 mg.). After recrystallisation from the
same solvents, these had m.p. lol-162°, -1110 (c,
0*4 in H2O), and were shown to be identical with the methyl
3-ac e tamido-3-de 0xy- 5-Q-me thy1- (3-D-arab o fur anoside
subsequently prepared.
found: 0, 49*6; H, T•8; N, 6*3.
Cgli-jjO^N requires C, 49*3; H, 7*8; N, 6*4$,
No further crystals could be obtained from the mother
liquors.
-67-
The Ammonolysis of Methyl 2: 3-Anh;/dro-5-0-meth.y1- p—p-
lyxofuranoside.
(i) Ammonolysis. Methyl 2: 3-anhyaro-5-0-2iethyl-/ff-
D-lyxofuranoside (6-2 g.) was treated with raethanolic
ammonia (500 ml.) in exactly the same way as the a anomer.
The product was a brown syrup (6*17 g., 90$ of theoretical).
(ii) Attempted preparation of an N-isopropylidene
derivative. The crude ammonolysis product was dissolved
in hot acetone as in previous experiments but no crystal¬
line product separated. Removal of the acetone followed
by distillation gave a colourless syrup (XV) (5*64 g.,
74$ of theoretical), b.p. 84-86°/0*03 mm.
(iii) N-Acetylation. The distilled mixture (XV) in
water (150 ml.) was acidified and N-acetylated in the
usual way. The product (5*44 g., 96$ of theoretical) on
solution in acetone and addition of light petroleum gave
crystals (2*66 g., 49$ of the N-acetylated product) shown
to be methyl 3-aoetaffiido-3-deoxy-5-0-methyl~p-D-arabo-
£uranoside. After recrystailisation from acetone-light
petroleum, the crystals had m.p. 161-162°, -114°
(c, 1*2 in H20), and RG 0*81.
Found: 0,^7-5" ; ti,J% ; ; OMe, 28.1.
C9H17Q5N requires O, 49*3? H, 7*8; N, 6*4; OMe, 28*3$»
Evaporation of the mother liquors gave a brown syrup
9Q
which distilled as a syrup (71 mg.), [a]i)~ +30° (o, 0*7
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in H20). An aqueous extract of the distillation residues
gave, on treatment with charcoal and evaporation, a syrup
(80 nig.), {a]p3 +18° (c, 0*8 in H20).
Methylation of meth.yl 3-acetamido-3-deoxy-5-0-meth.yl-3-:D-
arabofuranoaide.
Methyl 3-acetamido-3-deoxy-5-0-methyl-3-D-arabofuran-
oside (1*0 g.) in methanol (5 ml.) wa3 methylated four
times in the usual way. The product (1*0 g.) on solution
in acetone and addition of light petroleum deposited
crystals (750 mg.) identical with the methyl 3-acetamido-
3-deoxy-2,5-di-0-methyl-3-D-ar,abofuranoside previously
prepared. They had m.p. and mixed m.p. with authentic
material 174-175°, [a]^3 -107° (c, 1.1 in H20), and EG
0.92. (,> S')
Founds OMe, 40*1.
C10H19O5N requires OMe, 39*9^.
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? A S T II
Synth*see of Qiuooeajain* 6-Fhoaphato
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BABT II
SYNTHESES OF GLUCOSAMINE 6-PH05PHATE
Discussion
In order to synthesise authentic glucosamine 6-
phosphate and to avoid the danger of contamination with
derivatives carrying phosphate residues on other carbon
atoms in the sugar chain, it is necessary, firstly to
protect the amino group and all the secondary hydroxyl
groups in the molecule before phosphorylation, and secondly
to choose substituents for these groups that can be
removed without affecting the phosphate residue on Cg. It
is also highly desirable to obtain crystalline derivatives
at eaoh stage in the synthesis. The well-known paper
chromatographic method of analysis of syrupy materials is
notoriously difficult to apply to amino sugars owing to
the diffuse nature of the spots obtained and to the lack
of satisfactory detecting reagents.
In general three different types of substituents have
been used to protect the amino group in syntheses of glucos¬
amine derivatives. Condensation of aromatic aldehydes
(43)
with this group gives a Schiff*s base type of compound.
(44)
In particular, Bergmann and Zervas used the derivative
prepared from £-methoxy-benzaldehyde to prepare l,3f4,6-
tetra-O-acetyl-glucosamine. Methyl glucosaminides have
frequently been prepared^2) by first blocking the amino






Acetylation has been used successfully by Jeanloz^^*^ ^
in the preparation of partly methylated derivatives of
glucosamine.
In a preliminary investigation, it was decided to
use H-£~methoxybenzylidene-glucosaaine as starting material.
(Formulae of the intermediate compounds prepared during
this synthesis will be found on p.87 ). This compound
was readily obtained in a crystalline form and in excellent
(44)
yield by the method of Bergmann and Zervas. The
blocking of the primary hydroxy1 group with a trityl residue
and the remaining hydroxyl groups with acetyl residues was
conveniently carried out in one operation in a manner
/ n O \
similar to that used by Heynolds and Evans. The
resulting material was amorphous and separation of a single
anomer was achieved once only on a very small scale. The
crystalline product isolated was analytically pure and its
high positive specific rotation suggested that it was the
a-anomer of l,3»4-tri-0-acetyl-N-£-methoxybenzylidene-6-0-
triphenylmethyl-D-glucosamine. The amorphous material
had ail acetyl content 1$ lower than the theoretical.
The preferential removal of the trityl group from
this latter material was attempted by various methods.
Treatment with 60$ acetic acid at 100°gave a syrupy
product analysis of which indicated that partial hydrolysis
of the £-methoxybenaylidene group had also occurred.
Removal of the trityl residue with hydrogen bromide in
(47)
glacial acetic acidx gave, in a preliminary experiment,
a syrup which analysed correotly for the expected triacetyl
Schiff^s base. In the large scale preparation however,
the syrup was contaminated with tritanol and several
attempts were made to remove this. Separation on an
alumina column^S) was effective in separating the tritanol
but the basic nature of the alumina caused partial de-
acetylation of the sugar derivative. Finally, the
tritanol was removed by exhaustive extraction with light
petroleum, but the residual syrup was shown to contain a
small amount of bromine, presumably due either to addition
of hydrogen bromide at the double-bond of the Sehiff^ base















Phosphorylation was carried out^2^ with diphenyl-
phosphorochloridate prepared by the method of Foster,
Overend, and Stacey.^2^ Elemental analysis of the syrupy
product was in agreement with the composition of the
expected diphenyl phosphate derivative. Attempted removal
of the phenyl groups by hydrogenoljsis^ again gave a
syrup, analysis of which indicated that only partial removal
of the phenyl groups had taken place. De-acetylation with
potassium methoxide and hydrolysis of the j>-methoxybenzylidene
group were attempted, but no recognisable product could be
isolated. It seemed likely that the double bond of the
Schiff's base had been saturated under the conditions used
for the hydrogenolysis of the phenyl groups. In view of
this and of the failure to obtain crystalline derivatives in
the later stages of the synthesis, this route was abandoned.
Search was then made for other substituents of the





used to protect amino groups in amino acids, but no
crystalline derivative of glucosamine could be prepared
(see p. fa?). Experiments were carried out to determine
the conditions necessary for the complete hydrolysis of N-
acetyl-glucosamine and p-penta-acetyl-glucosamine (p./ag).
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Since these did not appear to be sufficiently drastic to
cause hydrolysis of the phosphate group, a second synthesis
of glucosamine 6-phosphate was planned in which acetyl
groups were used to protect the amino group as well as the
secondary hydroxy1 groups. (For formulae of the compounds
prepared during this synthesis, see p.<?£■ ).
Instead of the older method of preparation of N-acetyl-
/ ra\
glucosamine with silver acetate and acetic anhydride,
that reported by Hoseman and Ludowieg^"^ was used.
Acetylation was carried out in a cold aqueous solution of
acetic anhydride, neutrality being maintained by the addi¬
tion of the carbonate form of an anion-exchange resin.
Unchanged glucosamine was removed from the reaction mixture
by passage through a column of cation-exchange resin and
crystalline N-acetyl-a-D-glucosaniine was isolated in good
yield from the eluate. The unchanged glucosamine was
recovered as the hydrochloride from the resin column by
elution with N hydrochloric acid.
Simultaneous tritylation and acetylation is usually
carried out at 100° but preliminary experiments in this
synthesis were done at 40° in an attempt to retain the a-
oonfiguration and to reduce decomposition. An amorphous
substance was obtained which on fractional crystallisation
gave two products. The first of these was not very soluble
in chloroform and had a very high melting point. Elemental
(41}
analysis and trityl content showed this to be a tri-
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acetyl-ditrityl-glueosamine. It was non-reducing to
F#hling*s solution, whereas compounds with the reducing group
blocked by an acetyl residue were reducing. This suggested
that the compound was 3,4-di-0-acetyl-N-acetyl-l,6-di-Q-
triphenylmethyl-D-glucoaamine. Confirmation of this was
obtained by removal of the trityl residues. A tri-acetyl-
giucosamine was isolated which showed mutarotation in
aqueous solution, and which proved to be identical with the
tri-acetate produced by detritylation and partial de-
ace tylation of the authentic l,3f4-tri-0-acetyl-N-acetyl-6-
O-triphenylraethyl-p-D-glucosamine prepared in later experi¬
ments. The negative specific rotation (-29°) of the
ditrityl derivative suggested that it had the p-configuration.
Steric factors may hinder the formation of the other anomer.
The reason for the formation of this ditrityl derivative is
undoubtedly the relative insolubility of N-acetyl-glucosamine
at the reaction temperature with the resulting high propor¬
tion of trityl chloride to sugar derivative in the solution.
The formation 1,6-ditrityl ethers of B-xylose, D-ribose, and
L-arabinose has been reported in experiments where a high
(48)
proportion of trityl chloride was present.
The second product isolated from the fractional
crystallisation, after recrystallisation from chloroform-
light petroleum, showed, on analysis, the presence of solvent
of crystallisation. Complete removal of the solvent gave
a crystalline material which analysed correctly for 1,3»4-
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tri-Q-acatyl-N-aeetyl-6-G-triphenylmethyl-ci-D-glucosamine.
The solvated product, from the analytical figures and
from quantitative desolvation, was shown to contain more
than one solvent. The presence of chlorine indicated
that chloroform is present but in insufficient quantity
to account for all the solvent. The other solvent may be
light petroleum or may be due to ethanol, present as
impurity in the chloroform.
In view of the results of this preliminary experiment,
it was decided to revert to tritylation at 100° followed by
aoet^lation without cooling.jhree crystalline
fractions were obtained. The first fraction was deposited
on cooling a hot carbon tetrachloride solution of the orude
material. After one recrystallisation it was isolated in
25$ yield with solvent of crystallisation. Removal of the
solvent gave crystals of l,3,4-tri-0-acetyl-N-acetyl-6-0-
triphenylmethyl-p-D-glucosamine which was characterised by
melting point, analysis, and specific rotation. The solvated
material was shown to contain four thirds of a molecule of
carbon tetrachloride to every molecule of sugar. Recrystal¬
lisation from other solvents appeared to give other solvates
but these were not examined. This phenomenon of solvent
of crystallisation is seldom encountered in non-ionic sugar
derivatives. Trityl ethers, however, appear to be more
liable than most derivatives to behave in this way. For
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example, the preparation of the ethyl alcoholate of
(51)
ditrityl-dulcitol has heen reported, and Edington,
(52)
Hirst and Percival have isolated methyl tribensoyl-
6-trityl-a-D-mannopyranoside with one moleoule of pyridine,
one molecule of acetone, or three quarters of a molecule
of chloroform of crystallisation.
After removal of the solvent from the mother liquors,
the residual syrup was dissolved in warm chloroform.
Addition of an equal volume of ether and cooling caused the
deposition of crystals of l,3»4-tri-0-acetyl-N-acetyl-6-0-
triphenylmethyl-o-D-glucosamine as a mixed solvate (5$ of
theoretical). 3,4-Di-0-acetyl-N-acetyl-l,6-di-C-triphenyl-
methyl-D-glueoaamine was isolated in 2fo yield on the
addition of light petroleum to the residual solution.
It was hoped to increase the yield of the £-anomer of
the teti-a-acetyl-b-trity 1-glucosamine by suitable treatment
of the mother liquors. With this in view, the crystalline
tt-anomer was heated with acetic anhydride in pyridine for
varying lengths of time. Unchanged starting material was
invariably recovered, however, indicating that no anomerisa-
tion had taken place. This failure to achieve partial
anomerisation of the a-form has been met previously in the
/53)
methyl glycosides of glucosamine * and of 3-amin©-
, (54)
glucose.
Several methods were investigated for the removal of
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the trityl residues and difficulties in isolation were
encountered due to the unusual relative solubility of the
resulting acetates in chloroform and water. When an
acetic acid solution of the ditrityl ether was treated with
(47)
hydrogen bromide in acetic acid, extraction of an
aqueous solution of the product with chloroform failed to
give any significant yield of the trl-acetate, due to its
preferential solubility in water. An attempt was made to
utilise this relative insolubility in chloroform by treating
(39)
the ditrityl ether with hydrogen chloride in this solventN '
but no crystalline acetate was deposited. Hydrogenolysis
(39)
of the trityl groups was attempted but, possibly due
to poisoning of the catalyst, no cleavage appeared to occur.
Use of 60$ acetic acid at 100°, however, gave crystalline
3,4-di-O-acetyl-N-acetyl-a-D-glucosamine, identified by
elemental analysis and by the fact that it showed muta-
rotation in aqueous solution.
Treatment of the tetra-aoetyl-6-trityl-a-D-gluoosamine
according to all the methods used for the ditrityl ether
failed to yield a crystalline produat. When the f,-anomer
of the tetra-acetyl-6-trityl derivative was heated at 100°
with 60$ acetic acid, a moderate yield of a crystallihe
tri-acetate was obtained. This was identical with the
tri-acetate isolated from the detritylation of tri-acetyl-
1,6-ditrity1-gluco3amine. Penta-ace ty1-p-D-gluco samine
was subsequently shown to undergo partial hydrolysis under
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these conditions, the recovery of starting material heing
only 33$. This method was clearly unsuitable for the
detritylation of compounds with an acetyl group at and
possibly -for acetates in general, although it has been used
successfully by Jeanloz in the detritylation of glucosamine
derivatives containing an N-acetyl group^0"*^ and 0-
{46)
benzoyl groups, '
Preliminary experiments on the detritylation of the
solvate of tetra-acetyl-6-trityl-p-D-glucosamine with
hydrogen bromide in acetic acid gave negligible yields of
product on chloroform extraction of the aqueous solution.
Investigation showed that, whereas l,2,3»4-tetra-acetyl-P-
D-glucose may be isolated readily by chloroform extraction
(38)
of an aqueous solution, the analogous glucosamine
derivative was preferentially soluble in water, the parti¬
tion ratio between chloroform and water being 1:3, This
difficulty was overcome by exhaustive chloroform extraction
and elimination of the usual water washing of the extracts.
The crystalline p-tetra-acetate was obtained in good yield,
the reaction being apparently unaffected by the presence
of the carbon tetrachloride in the starting material.
In view of the ease of preparation of the 0-form of
the trityl ether, as compared with the a-anomer and also
the ready preparation of crystalline 1,3,4-tri-G-acetyl-N-
acetyl-p-D-glucosamine, it was decided to continue the
synthesis with this material. But before proceeding with
-80-
the synthesis the structure of this compound was confirmed.
It analysed correctly for a tatra-acetyl derivative of
glucosamine and failed to show any mutarotation in aqueous
solution indicating that was blocked by an acetyl residue.
The principal danger was the possibility of acetyl migration
(55)
during the hydrolysis of the trityl group. Conversion
of l,2,3,4-tetra-acetyl-0-D-glueose to the 1,2,3,6-tetra-
acetate has been shown to occur readily in alkaline solution
and even in neutral solutions contained in a soft-glass
(56)
vessel. If the tetra-acetyi-glueosaiaine has the
postulated structure and no migration of acetyl groups has
occurred, then trltylation should give the parent trityl
ether. Some difficulty was experienced in carrying out
this reaction at room temperature but reaction at 50° gave
the desired product. The analogous 1,2,3,4-tetra-acetyl-
fj-D-glucose was also shown to be resistant to tritylation at
room temperature. Final proof that the primary hydroxy1
group was free was obtained by tosylation. A crystalline
mono-toluene-jj-sulphonyl-derivative was isolated which gave
a positive test for the presence of a primary toluene-£-
sulphonyloxy group when treated under the standard conditions
/ g ^ \
with acetone and sodium iodide.
Phosphorylation of l,3,4-tri-0-acetyl-N-acetyl-P-D-
glucos.mine in pyridine solution with a slight excess of
diphenyl phosphorochloridate gave a crystalline di£jhenyl
phosphate. Removal of the phenyl groups by a platinum
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catalysed hydrogeaolysis proceeded smoothly at room tempera¬
ture in ethanolic solution. In experiments on the large
scale, the time required for the uptake of hydrogen to
reach completion varied considerably, presumably due to
differences in the physical state of the catalyst, and the
uptake was always a little below that required by theory.
Removal of the solvent (at low temperature to prevent auto-
hydrolysis) gave a syrup which crystallised readily from
ethanol. Although one attempt to prepare a crystalline








subsequent attempts failed. No adequate explanation for
this can be put forward.
A preliminary hydrolysis of the acetyl groups with N
hydrochloric acid to constant rotation failed to give either
a crystalline glucosamine phosphoric acid or a crystalline
pyolohexylamine salt. The hydrolysis was repeated and the
barium salt of the sugar phosphate isolated by neutralisa¬
tion of the hydrolysate to pH 7 with barium hydroxide.
Although the product, after purification by several
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reprecipitations from water, had a theoretical phosphorus
content, the carbon and hydrogen contents were too high.
This may be due either to incomplete de-acetylation or to
the addition of insufficient barium hydroxide to convert
all the phosphoric acid ester to the barium salt. In view
of this result hydrolysis for three hours in N sulphuric acid
was carried out. It was observed that very little change
in rotation occurred after the first 30 minutes. The
solution was neutralised by shaking overnight with finely
powdered barium carbonate. Removal of the insoluble
bgrium salts and addition of ethanol gave a product which
after drying was not readily soluble in water. This
difficulty was overcome by the addition of a few drops of
dilute hydrochloric acid. This material after reprecipita-
tion had a theoretical organic phosphorus content and a
negligible amount of inorganic phosphate, but, although
the carbon content was nearer the theoretical, this value
and that for hydrogen were still too high. The hydrolysis
with sulphuric acid was repeated and the sugar phosphate isolated
as the free phosphoric acid derivative by careful neutralisa¬
tion of the sulphuric acid with barium hydroxide. Since
the barium salt of the sugar phosphate is soluble in water,
it was possible to ensure that a negligible quantity of
this derivative was formed as the presence of barium ions
could be detected with the very sensitive reagent rhodizonic
(58)
acid. After removal of the insoluble barium sulphate,
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and addition oi ethanol to the concentrated filtrate,
crystals were deposited on cooling. These analysed
correctly for the monohydrate of a glucosamine mono¬
phosphate and gave a single spot on a paper chromatogram.
In view of the established structure of the crystalline
l,3»4-tri-0-aoetyl-N-acetyl-B-D-glucos&mine and the isola¬
tion of crystalline derivatives at each subsequent stage,
there is little doubt that this material i3 D-glucosa.mine
6-(dihydrogen phosphate). This was further confirmed by
the fact taat it consumed 4 moles of periodate for every
mol. of sugar phosphate indicating that the phosphate must












in a periodate oxidised
solution of the phosphate showed the absence of an unsub-
(33)
stituted primary hydroxyl group. Furthermore Brown
reports that glucosamine 3-phosphate is readily hydrolysed
in acid solution. Glucosamine 6-phosphate was shown to
be considerably more resistant to acid hydrolysis than
even glucose 6-phosphate. The latter compound was 50$
hydrolysed in N hydrochloric acid at 100° in 3 3 hours^^
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whereas the glucosamine derivative, under exactly the
same conditions, required 73 hours. The crystalline
phosphate had Ea3^ +54° (calc. for the anhydrous compound
[ft]!1 +57*5°) whereas Brown^records [e]24 +48-5° for
the dipolar ion.
The identity of the barium salt isolated is not so
certain. It too consumed the theoretical amount of
pex'iodate for a 6-phosphate and gave no formaldehyde on
periodate oxidation.
The acidity of a If* aqueous solution of the tetra-
acetyl 6-phosphoric acid derivative was found to be
sufficient to effect hydrolysis of the acetyl groups.
After heating this solution at 100° for 30 hours, a small
quantity of a crystalline dihydrate of glucosamine 6-
(dihydrogen phosphate) was isolated.
The estimation of the glucosamine content of the
glucosamine 6-phosphate by the colorimetric method of filson
and Morgan as modified by Belcher, Nutten, and Sambrook^^
was shown to he ^satisfactory, the solutions obtained
being orowner than those given by the glucosamine controls
and the intensity indicating a glucosamine content of only
59$ of the theoretical^!
cJunsJ^eJrM %n. fcJc 'J Me. caU ,ed ^
^ c,v^ j k o! yu,.
While the work on. an unambiguous chemical synthesis
of glucosamine 6-phosphate was proceeding, the possibility
of the preparation of this compound by direct phosphoryla¬
tion was investigated. The preparation of glucose 6-
(^
phosphate has been reported by Seegmiller and Horecker
by treatment of glucose with *tetraphosphoric aoid1 and by
(29)
Visoontiai and Olivier using metaphosphorie acid.
As the latter reagent gave a purer product in better yield,
and is stated to react preferentially with primary hydroxyl
groups to the exclusion of secondary hydroxyl and amino
groups, it was decided to investigate its reaction with
gluoosa.mi.ne. In the phosphorylation of glucose, however,
the reducing group also appeared to be phosphorylated,
but the reducing power was restored by mild acid hydrolysis.
In order to reduce carameli3ation of the glucose, methyl
cyanide was added during the phosphorylation.
When the phosphorylation of glucosamine was carried out
under these conditions, it was found necessary to increase
the reaction time from 40 minutes to 2*5 hours and then to
re-treat the product for a further 1*5 hours in order to
raise the phosphorus content to the same value as that
obtained in the glucose preparation.
Hydrolysis of product with IT hydrochloric acid at
100° was carried out. Variation in the time of hydrolysis
had no apparent effect on the composition of the hydrolysate.
Chromatographic examination of this showed the presence of
glucosamine hydrochloride and a reducing sugar phosphate.
Attempted separation on a column of anion-exchange
(29)
resin (Deacidite F)v ' led to extensive decomposition of
the phosphate. Products with very low phosphorus and
high nitrogen contents were isolated. Separation as the
amorphous barium o-phosphate met with more success but
considerable difficulty was experienced in purifying the
material with consequent serious reduction in the yield.
Although apparently chromatographically pure and analysing
correctly for the barium salt of a glucosamine mono¬
phosphate, it oxidised considerably more slowly with
periodate than the authentically synthesised material.
fhe consumption of periodate was 70$ of the theoretical
after 22 hours compared with 94$ of theoretical for the
barium salt isolated by the synthetic method. Furthermore
formaldehyde was produced during the reaction in quantity
corresponding to the presence of about 35$ of a derivative
carrying a free primary hydroxy1 group. It would appear
therefore that the product obtained contained only 60-70$
of the desired glucosamine 6-phosphate and that the method,
particularly in view of the poor yields, is unsuitable
for the preparation of this derivative.
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Preliminary Experiments, (a) B-Glucosamine hydro¬
chloride (1*0 g.) in N sodium hydroxide solution (4*7 ml.)
was shaken with twice-distilled anisaldehyde (0*64 g.) for
2 hours.The crystalline solid which separated was
washed with ice-water (1 ml.) and dried. These crystals
(1*35 g. i 98$ of theoretical) after recrystallisation from
ethanol had m.p. 176-177° [«]b° +44° (c, 0-2 in EtOH).
(Bergmann and Zervas^^ record yield 86$, m.p. 166° for
N-£-methoxybenzylidene-D-glucosamine).
(b) D-Glucosamine hydrochloride (1*0 g.) and sodium
bicarbonate (0*55 g.) in water (12 ml.) were shaken with
anisaldehyde (0*80 g.) for 2 hours.The resulting
mixture deposited, on cooling, crystals of N-£-methoxy-
benzylidene-D-glucosaaaine (0*65 g., 47$ of theoretical),
m.p. 171-173°.
Large Scale Preparation. D-Glucosamine hydrochloride
(20*0 g.) in N sodium hydroxide solution (94 ml.) was
shaken for 2 hours with anisaldehyde (12*8 g.). Filtration
and washing gave the desired product (25*9 &•» 94$ of
theoretical), m.p. 172-174°.
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1»3.4-Tri-Q-aoe t.> l-K-p-.-ae thox^ b I idene-6-0-trighsnjr1-
me thy l-O-fclgco aamine.
Preliminary Experiment. ethaxybensy lidene-D-
glucosamine (1*0 g.) lift dry uridine (5 ml#) was heated
with triphsay lohlorcms thane {0*91 &•) and Priorito* (0*5
g,) at 50° lor 4 hoars, lithosit cooling, noetic anhydride
(8*0 al.) was added and the mixtare allowed to stand over¬
night at roam temperature•' The filtered solution was
poured into vigorously stirred toe-water (600 ml,} and the
precipitate whioh formed was washed with water till free
from pyridine and dried. The amorphous powder (1*43 §•*
64/* of theoretical) had [a]J5 +37° (e, 1*0 in CHCI3).
Founds CH3OO, 18*4. .
Oslo, for £39839098 * CH3OO, 19*4/.
Slow evaporation of an ethanelie solution of this
powder gave a crystalline product (300 ag.» 13/ of theore¬
tical). On r®crystallisation from ethane! the crystals had
js.p. 178-179°, 1*]$ *90° (c, 0*6 in CKCI3).
Founds 0, 70*2; B, 5*7; 8, 2*2; OHjOO, 19*1.
°39B39°9M **«%*!*«» 0, 70*4; H, 5*9? K, 2*1; CH3OO, 19*4/.
b&e&e Eoale Preparation. N-yj-Sie thoxybenaylidene-3-
gluaoa&aine (21*0 £.5, in dry pyridine (100 ml.) was treated
with triphsaylchlorcmethans (20*0 g») mid acetic anhydride
(168 ml.) as la the preliminary experiment. The dried
product, a white powder (35 &•» 74/ of theoretical), had
[c)q5 +23° (O, 1*1 in OHCI3).
-90-
Pound: CH3CO, 18*5$.
All attempts to obtain a crystalline fraction failed.
1»3 ,4-Tri-O-acetyl-N-p-methoxybenzyliderie-D-glucosamine.
Preliminary Experiments. (a) 1,3,4-Tri-0-aeetyl-N-£-
methoxybenzylidene-6-0-triphenylmethy1-D-glucosaaine (1*3 &.)
was dissolved in glacial acetic acid at 100°, water (16 ml.)
was added dropwise, and the heating continued for 1 hour.^G^
Water (80 ml.) was added to the cooled solution and the
precipitated triphenylcarbinol removed. The aqueous
filtrate was concentrated and the residue, freed from
acetic acid by repeated addition of dry toluene and evapora¬
tion, was obtained as a syrup (0*80 g., 95$ of theoretical).
Found: CH3CO, 34.
Gale, for C20H2509N *• CH3CO, 30*5$*
Solution in ethanol and treatment with charcoal at
reflux teraperature gave, on filtration and evaporation, a
syrup (0*62 g., 74$ of theoretical), +33° (c, 1*1 in
choi3).
Found: G, 52*4; H, 6-3; N, 3-8; CH3CO, 37.
Calc. for C20H2509N : C, 56-7; H, 5*9; N, 3*3; CH3GO, 30-5.
Gale, for C12H19(>8N : C, 47*2; H, 6*3; N, 4-6; GH3GO, 42-3$.
(C20H2509N = 1,3 »4-Tri-0-acetyl-N-|>-me thoxyb enzy lideria-D-
glucosamine
g12h19°8n = 1»3»4-Tri-O-acetyl-D-gluoo samine).
(Id) The trityl ether (1*2 g,) in glacial acetic acid
(5 ml.) at 10° was shaken with a cooled (10°) saturated
solution oi dry hydrogen bromide in acetic acid (1*2 ml.)
for 60 seconds.£47) The precipitated triphenylbromomethane
was removed and the filtrate poured immediately into ice-
water (600 ml.). The precipitate of unchanged starting
material and tritanol was removed and the filtrate extracted
with chloroform (4 x 100 ml,), She combined chloroform
extracts were washed with ice-water (2 x 40 ml.), dried, and
concentrated to a syrup (0-37 g., 49'$ of theoretical),
*23° (o, 1-0 in CHCI3).
Pound: 0, 56-3; H, 6-0; N, 2-9; CH3CO, 29.
Gale, for C20H25°9N s C, 56-7; fl, 5*9; N,3*3; CH3CO, 30*5$.
Large Scale Preparation. A cooled solution of the
trityl ether (23 &•) was treated with hydrogen bromide and
glaoial acetic acid as before. A syrup (7*1 g., 48$ of
theoretical) was obtained.
Found: CH3CO, 23; 3r, 1-1,
Gale, for C2oH2509N : CH3CO, 30-5; 3r, 0$.
Several attempts were made to purify this product.
Addition of single and mixed solvents failed to give a
crystalline product. Separation of the desired compound
from impurities on a column (15 cm. x 2.75 cm.) of B.D.H.
chromatographic grade alumina^^ was carried out. The
column was washed with dry benzene and the crude product
(1*14 g.) was applied in benzene solution. Elution with
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bensene (18 1.) removed all the triphenylcarbinol (0*26 g,).
Elation with ethanol (2 1,) gave on evaporation a syrup
(0*56 g.).
Found: OH3CO, 25$.
A qualitative test for the presence of trityl groups
in this 3yrup was negative. Acetylation of the syrup
(0*36 g.) in the usual way with acetic anhydride and
pyridine gave a syrup (0*30 g.).
Found: 011300, 36*2,
Calo. for C22H27010N : CH-jCO, 37*0$.
(G22ti27°10N = 1»3t4,6 -Tetra-O-aeetyl-N-jj-methoxybenzylidene-
D-glucosamine).
1,3 »4-lri-0-aeety l-N-p-itiethoxybenzylidene-D-glucosamine 6-
(diphenyl phosphate).
Diphenyl phosphorochloriuate (see p.ijo ) (1*5 ml.) was
added dropwise, with shaking and cooling, to a solution of
1,3,4~tri-Q-acetyl-N-£-methoxybenzylidene-D--glucosamine
(1*7 g.) in dry pyridine (6 ml.).^26^ The reaction mixture
was kept at 0° for 30 minutes and then left for 18 hours at
8°. The excess of acid chloride was decomposed by addition
of a few drops of ice-water and the mixture after standing
for 30 minutes was poured slowly into stirx*ed ice-water.
The precipitated product was washed several times with
water and dried. The amorphous powder was purified by
solution in ethanol, filtration, and concentration to a
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syrup (1-4 g., 53$ of theoretical) [ftjjj5 +23° (c, 0*5 in
GHC13).
Found: C, 58-3? H, 5*3; N, 2*2; P, 3-7; CH3CO, 21.
Gale, for C32H34012HP : C, 58.6; H, 5*2; N, 2*1; P, 4-7;
CH3CO, 19- 7/o.
Attempted Preparation of l,314-Tri-Q-ac6t;y'l-N-p-inethox.y-
henz^Iidene-D-glucosaiaine 6-(dih.ydrogen phosphate).
Hydrogen was bubbled through a stirred solution of
1»3,4-tri-0-acetyl-N-£-methoxybenzylidene-D-glucosamine
6-(diphenyl phosphate) (0*63 &•) in dry ethanol (15 ml.)
for 5 hours in the presence of platinum (added as 60 mg.
(26)
of Adam's platinum oxide). After removal of the
catalyst, the solution was concentrated to a syrup (0*57
g., 118$ of theoretical), [a]p6 +18° (c, 1*8 in CHCI3).
Found: C, 57*2; H, 5*6; N, 2*4; P, 3*5; CH3OO, 23.
Gale, for G20H26012NP : C, 47*7; H, 5*2; N, 2*8; P, 6*2;
CH3GO, 25*6$.
De-acetylation of this crude product with potassium
methoxide and hydrolysis of the N-£-methoxybenzylidene
group with N hydrochloric acid at 100° were attempted but
no recognisable product could be isolated.
-94-
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N-Ace ty l-a-B-gluco saiaine
A solution of D-glucosamine hydrochloride (130 g.) in
water (3 1.) and methanol (300 ml.) was stirred for 90
minutes at 5° with anion exchange resin (Amberlite I.R.400,
(36)
bicarbonate form) (3600 ml.) and acetic anhydride (78 ml,).
The mixture was filtered and the filtrate and washings were
passed through a column of cation exchange resin (Amberlite
I.R.100 (H), 600 ml.). Evaporation of colourless eluate
and washings gave a crystalline residue which after recrystal-
lisation from 90$ aqueous ethanol-ether (115 g., 86$ of
theoretical) had m.p. 209-210° (dec.) +53° (4 min.) —>
+40° (final) (c, 1*1 in H2O). (cf. Roseman and Ludowieg,(36)
yield 77$, m.p. 210° (dec,), +41-0° in H2O (final).
Kuhn and Haber(37) record m.p. 202-204°, [a3d +82°—> +40*4° in
H20).
Found: 0, 43-4; H," 6*5; N, 6*9.
Calc. for GgH1506N C, 43-45 H, 6►S; N, 6*3$.
Tritylation and Acetylation of N-Acety1-a-D-Glucosamine.
(a) At 40°.
N-Acetyl-a-D-glucosamine (13 g.) in dry pyridine (45 ml.)
was treated with triphenylchloromethane (17*1 g.) in the
presence of ,Driei*ite' (1 g.) at 40° for 18 hours. Acetic
anhydride (24 ml.) was added and the mixture kept at 40° for
a further 24 hours. The reaction mixture was filtered slowly
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into vigorously stirred iee-w&ter. After stirring for 2
hours the white granular powder which had been deposited was
removed to fresh ice-water and stirred tor 30 minutes. She
dry white amorphous solid (30-5 &•, 38^ of theoretical) had
[&3lj^ +46° (c, 1*3 ia OHOI3). She orude product was
dissolved in hot chloroform and light petroleum added to
turbidity. On standing crystals were deposited (5*7 g.,
16-5$ of theoretical) which had m.p. 245-247°, [<x]t)^ -20°
(o, 1*2 in OHCI3). On recryatallisation from chloroform-
light petroleum this product, 3»4-di-0-acetyl-N-aeetyl-l,6-
di-O-triphenylmethyl-O-glucosamine, had m.p. 254-256°,
[a]§2 -29° (c, 1-0 in CHCI3).
Found: 0, 75*9; H, 6-0; N, 2*2; Tr, 60*8.
C50H47°8N re^uires °» 76.0; H, 6*0; N, 1-8; Tr, 61.6g.
This compound was only slightly soluble in chloroform
and was non-reducing to Fehling's solution.
The reducing test was carried out as follows: 1 drop
of mixed Fehling's solution and 2 drops water were added to
1-2 nig. sugar derivative dissolved in 4 drops hot ethanol
(freed from aldehydes by distillation over sodium). The
mixture was then heated at 100° for several minutes. The










3,4-Di-Q-acety1-N-ace tyl-1,6-di-Q-trlpheny lme thy 1-D-
glueosamine - ve
After removal of the ditrityl ether, the addition of
light petroleum to the mother liquors gave another crystal¬
line fraction (9-3 &., 27$ of theoretical). Recrystall!sa-
tion from chloroform-light petroleum gave a solvate of 1,3,4-
tri-O-acety1-N-acety1-6-0-triphenylmethy1-a-D-glucosamine,
m.p. 110-113°, [c.]J8 +91° (c, 1-0 in CHOI3).
Found: G, 66.6; H, 6*0; N, 2*6; CI, 2-7$.
For complete removal of the solvent of crystallisation, it
was necessary to heat the compound at 1Q0°/15 mm. for 20
hours.
Found: loss of weight, 5*6$.
The compound, freed from solvent of crystallisation, had m.p,
154-156°, [g]J8 +97° (c, 1*2 in CHC13).
Found: C, 66*9; H, 6*0; N, 1*8; Gl, 0.
G33H35°9N re^uires C, 67*2; H, 6.0; N, 2-4; 01, 0$.
(b) At 100°.
Preliminary Experiment. N-Acetyl-a-D-glucosamine (10 g.)
and triphenylchloromethane (13*1 &») were heated at 100° for
30 minutes in dry pyridine (50 ml.) in the presence of
-98-
( )
'Drierite' (1 g.). Acetic anhydride (20 ml.) was added u
and, after standing overnight, the reaction mixture was
filtered slowly with vigorous mechanical stirring into ice-
water (1 1,). The amorphous solid which separated
immediately was stirred for 2 hours and then for a further
30 minutes with fresh ice-water. The product (17 g.),(64f°
of theoretical) was filtered and dried. It had [a]jj8 +32°
(c, 1*1 in CHCI3).
When a hot filtered solution of the crude product in
carbon tetrachloride was allowed to cool, a crystalline
fraction was obtained (4 g., 15^) of theoretical) [o-]^8 +24°
(c, 0»9 in CHCI3). After four recrystallisations from the
same solvent, this product, shown to be the carbon tetra¬
chloride solvate of 1,3,4-tri-0-acety1-N-acety1-6-0-tri-
phenylmethyl-p-D-glucosamine, lost solvent at 100-110° and
had m.p, 187-189°, [a]*8 4-22° (c, 1*4 in CHCI3).
Founds 0, 52-31 H, 4-7; N, 2*35 CI, 21-9.
3C33H35°9N,4CC14 re<iuire3» c» 51-9; H, 4-4; N, 1.8; CI, 23-8$.
For complete removal of the solvent of crystallisation, it
was necessary to heat the compound at 100°/15 mm. for 18
hours.
Founds loss of weight, 26*2.
3C33H35O9N.4CGI4 requires loss of weight, 25*8^.
The compound, freed from solvent of crystallisation, had
m.p. 189-191°, |>3d8 +33° (c, 1*0 in CHCI3).
Founds C, 66*8; H, 5-7; N, 2*0; CI, 0.
C.,-!H,r0oN requires 0, 67*2; H, 6-0; N, 2*4; CI, 0$.33 3J> y
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Large Scale Preparation, N-Aeetyl-c-O-glucosamine
(75 g.) in dry pyridine (500 ml.) in the presence of
'Drierite1 (8 g.) was heated with triphenylchloromethane
(98 g.) at 100° until the reactants dissolved (20 minutes).
Acetic anhydride (150 ml.) was added and, after standing
overnight, the reaction mixture was filtered and the excess
of triphenylchlorometh-ne in the filtrate decomposed with
ice-water. The aqueous pyridine solution was then poured
slowly with stirring into a large volume of ice-water, and
the precipitated product was treated as in the preliminary
experiment. After drying, the product was a white
amorphous powder. (170 g., 85$ of theoretical).
Solution of the crude product in the minimum of hot
carbon tetrachloride, filtration, and 3low cooling gave a
good yield of the carbon tetrachloride solvate of 1,3,4-
tri-O-acetyl-N-aeetyl-6-G-triphenyliaethyl-p-D-glucosamine.
Becx'ystallisation from carbon tetrachloride gave colourless
needles (68 g., 25$ of theoretical) which lost solvent at
100-110° and had m.p. 187-189°, (a]^8 +22° (c, 1-1 in CHCI3).
After removal of the p anomer, the solvent was
evaporated from the mother liquors and the residual syrup,
dissolved in warm chloroform, was treated with an equal volume
of ether. On standing, a crystalline product (11.0 g.,
5-5$ of theoretical) was obtained. This had m.p, 111-112°
[a]§^ +90° (c, 0*9 in CHCI3) and was identical with the
solvate of 1,3,4-tri-0-acety1-N-acety1-6-0-triphenylmethyl-a-
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D-glucosamine isolated in the previous experiment. (fif)
The residual mother liquors were then warmed and light
petroleum added to turbidity. On cooling crystalline 3,4-
di-O-acetyl-H-acety1-1,6-di-0-triphenylmethy1-D-glucosamine
wqs deposited (4 g., 2f° of theoretical). This had a.p. and
mixed sup. with the ditrityl ether previously isolated
254-256°, [a]*7 -28° (c, 1-3 in CHCl^.
Attempted Conversion of the a-Tetra-acetate to the fl-Anomer.
(a) A solution of 1,3,4-tri-0-acetyl-N-acety1-6-0-
18
tripheny line thy l-a-D-glucosamine (1*02 g., [ct]p +85°) in dry
pyridine (5 ml.) was heated to 100°, treated with acetic
anhydride (1 ml.) and allowed to cool. The filtered
reaction mixture was poured into ice-water and the mixture
stirred for 2 hours. The washed and dried precipitate
(0-67 g.) had [a]J9 +86° (c, 0-8 in CHG13).
(b) The above experiment was repeated starting with
0*6 g. of tetra-acetate, the temperature being maintained
at 100° for 1 hour after the addition of the acetic anhydride.
19 0
Again starting material was recovered (0«46 g.) [o-lp +86
(c, 1*0 in CHCI3).
Reraov 1 of the frityl Residues from 3,4-Di-O-acetyl-N-acetyl-
1,6-di-O-tri^henylaethy1-S-glucosamine,
(a) 3,4-Oi-0-acetyl-N-acetyl-l,6-di-0-triphenylaiethyl-D-
glucosamine (1»0 g.) in glacial acetic acid (4 ml.) was cooled
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to 5° and treated with a cooled saturated solution of
hydrogen bromide in glacial poetic acid (0*4 ml.). After
shaking and cooling for 60 seconds, the reaction mixture was
filtered free from precipitated triphenylbromomethane and the
filtrate was poured immediately into ice-water (100 ml.).
A precipitate (145 mg.) of unchanged material was deposited
and removed by filtration. The aqueous filtrate was
extracted with chloroform (4 x 100 ml.) and the combined
chloroform extracts were washed with water (2 x 50 ml.),
dried, and evaporated to a syrup (20 mg.).
(b) Hydrogen chloride was bubbled through a solution of
the ditrityl ether (0*99 g*) in chloroform (20 ml.) for 15
minutes and the mixture was kept at 4° for several hours,
No crystalline material separated and fractionation between
water and chloroform failed to yield a crystalline product.
(c) A solution of the ditrityl ether (280 mg,) in
aldehyde-free eth&nol (50 ml.) was shaken with hydrogen at
40° for 16 hours in the presence of platinum (from 60 mg, of
(39)
Adam's platinum oxide). After removal of the catalyst
the solution was evaporated to dryness. The residual solid
was extracted twice with light petroleum to remove triphenyl-
methane and twice with water. The aqueous extracts were
evaporated to dryness, the residue treated with water (2 ml.),
and the mixture filtered. Evaporation gave a s^rup (10 mg.).
(d) The ditrityl ether (1*01 g.) was dissolved in
glacial acetic acid (18 ml.) at 100°, water (12 ml.) was
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added dropwise and the temperature maintained at 100° for
60 minutes, (40) qii cooling crystals of triphenylourbinol
were deposited. The remaining triphenylcarbinol and
unchanged starting material were precipitated by the
addition of water (60 ml.). Filtration and evaporation
of the filtrate gave a syrupy residue which was treated
with water (2 ml.) and filtered. Evaporation of the clear
filtrate gave a syrup (390 mg.), Trituration of this
syrup with chloroform caused partial crystallisation. The
crystals isolated (150 mg., 38$ of theoretical) had m.p,
175-183°. After recrystallisation from acetone-light
petroleum, the crystals gave & negative qualitative test
(41)
for the trityl group and were identified as 3»4-di-0-
aeetyl-N-acetyl-a-D-glucosamine, m.p. 186-187°, [h]^ +75°
1 ft
(c, 0*9 in OHCI3), [a]D +65° (5 min.)->+35° (final) (c,
1.0 in H2O).
Found; 0, 47*2J H, 6•35 N, 4*5.
C12H19°8N C, 47-2; H, 6.3; N, 4.6$.
Removal of the Trityl Residue from 1,3,4-Tri-O-acetyl-N-
acety1-6-0-tri oheny liae thy 1-a-D-gluoo samine.
(a) A solution of 1,3»4-tri-0-acetyl-N-acety1-6-0-
triphenyImethy1-a-D-gluoosaaine (0*5 g.) in glacial acetic
acid (2 ml.), cooled to 10°, was treated with a saturated
solution of hydrogen bromide in acetic acid (0*2 ml.) and
the mixture shaken for 45 seconds with cooling. The
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precimitated triphenylbromomethane was filtered off and the
filtrate immediately poured into ice-water (100 ml.),
slight precipitate which formed was separated and the
filtrate extracted with chloroform (4 x 100 ml.). The
combined chloroform extracts were washed with water (4 x 100
ml.) and dried over magnesium sulphate. Evaporation of
the dried extracts gave a syrup (20 mg., 8'5$ of theoretical).
(b) The trityl ether (0*4 g.), dissolved in glacial
acetic acid (8 ml.), was heated to 100°. Water (5 ml,) was
added dropwise and the heating continued for 60 minutes.
After cooling and addition of water (25 ml.), the mixture was
filtered and the residue washed with water. The combined
filtrate and washings were evaporated to give a syrup (225 mg.,
95$ of theoretical). Extraction with water (3 ml,), filtra¬
tion through filtercel-ch&rcoal, and evaporation gave a
syrup (170 mg.) which could not be crystallised.
(c) The trityl ether (0*7 g.) in aldehyde-free ethanol
(55 mi.) was shaken with platinum-charcoal (containing 60 mg.
Pt) in the presence of hydrogen at a pressure slightly
greater than one atmosphere. After 9 hours at room tempera¬
ture the catalyst was removed and the solution evaporated to
dryness. The solid residue was extracted with cold light
petroleum to remove triphenylmethane (100 rag., 34$ of
theoretical). The residue was then extracted with water
(2 x 20 ml.) and the extracts were evaporated to a syrup
(125 mg., 30$ of theoretical) which could not be crystallised.
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(d) A solution of the trityl ether (2*0 gm.) in ethyl
acetate (40 ml.) was added to ethyl acetate containing
platinum (50 mg.) (added as Adam's platinum oxide and
reduced in situ). She mixture was shaken with hydrogen as
before at room temperature for 10 hours. Removal of the
catalyst followed by evaporation of the solvent gave a solid
residue which was extracted with light petroleum and then
with water. The aqueous extracts on evaporation gave a
syrup (10 mg,).
Removal of the Trityl Residue from 1,3,4-Tri-O-acetyl-N-
aoe ty1-6-0-tri yheny lae thy1-g-B-gluc o samine.
In all the following experiments with this trityl ether,
the starting material was weighed, and added, as its carbon
tetrachloride solvate.
Preliminary Experiments. (a) 1,3,4-Tri-O-acetyl-N-
aoety1-6-0-triphenylmethy1-^-D-glucosamine (20 g.) was dis¬
solved in glacial acetic acid (36 ml.) at 100°, water (24 ml.)
added dropwise, and heating at 100° continued for 60 minutes.
After cooling and addition of water (120 ml.) the mixture was
filtered and the filtrate evaporated to a syrup (800 mg.).
The cooled solution of this syrup in ethanol yielded crystals
of 3,4-di-Q-acety1-N-aeetyl-o-D-glucosamine (330 mg., 43^
of theoretical) m.p. 184-186°. On racrystallisation from
ethanol; this product had m.p. 188-189°, mixed m.p. with
3 »4-di-O-acetyl-N-acetyl-a-D-glucosamine prepared from the
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1,6-di-trityl ether 186-188°, [a]J9 +68° (5 rain.)—>+32°
(final) (c, 1*0 in H2O).
Found: 0, 47«1; H, 6-2; H, 4*7.
C12H19°8W requires C, 47-2; H, 6'8; N, 4*6$.
This material was undoubtedly 3,4-di-O-acetyl-N-acetyl-
c-D-glucosamine produced by detritylation and partial de-
ace ty lation. 1,3,4,6-Tetra-O-acetyl-N-acetyl-p-D-glucosamine
was subsequently shown to be hydrolyaed under the above
conditions, the recovery of starting material being only 33$.
(b) A solution of the trityl ether (2*0 g.) in glacial
acetic acid (6 ml.) was cooled to 10° and treated with a
cooled saturated solution of hydrogen bromide in glacial
acetic acid (1.0 ml.). The mixture was shaken for 45
seconds with cooling and the precipitated triphenylbromo-
methane removed. On pouring into ice-water the filtrate
gave a slight precipitate which was removed and the filtrate
extracted with chloroform (2 x 100 ml.). The combined
chloroform extracts were washed with water (3 x 50 ml.),
dried and evaporated to a syrup (10 mg.). The aqueous
filtrate after extraction with chloroform was combined with
the water washings of the chloroform extract and the whole
exhaustively extracted with chloroform (14 x 100 ml.). The
combined extracts were dried without washing and evaporated
to dryness to give a syrup (340 mg.). Solution in
ethanol and addition of light petroleum gave a crop of
crystals (60 mg.) m.p, 166-170° [a]^ +24° (c, 1*1 in H2O).
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A qualitative test for the trityl group was negative. The
mother liquors were evaporated to dryness and the residue,
on solution in hot benzene and cooling, yielded a further
crop of crystals (50 rag,) m.p. 165-170°. The total yield
(110 sag.) was 12$ of theoretical.
(c) The trityl ether (5*0 g.) in glacial acetic acid
(16 ml.) was cooled and treated as before with hydrogen
bromide in acetic acid (1*5 ml.). After removal of the
triphenylbromomethane the acetic acid solution was poured
into wat®r (100 ml.) and the resulting cloudy solution
filtered and the precipitate washed. The combined filtrate
and washings (200 ml.) were extracted with chloroform and
the extracts dried and concentrated to a syrup. To remove
residual chloroform and acetic acid, the syrup was treated
with dry toluene and the solvent removed by distillation
under reduced pressure. Repetition of this treatment gave
a crystalline residue. The yields from the various chloro¬
form extractions were as follows:
4 x 200 ml. OHClj 1*11 g. (51$ of theoretical)
4 x 200 ml. CHC13 0*34 g. (16$ " " )
4 x 200 ml. CHC13 0*04 g. ( 2$ » » )
The total yield (1*5 g*) was 69$ of theoretical.
After 2 recrystallisations from chloroform-ether, this
compound, 1,3,4-tri-O-aeetyl-N-acetyl-p-D-glucosamine, had
m.p. 175-176°, [a]*8 +5*5° (c, 1*6 in OHCI3) and fol]J8 +18°
(c, 1*1 in H20).
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Pound: C, 48.1; H, 6*2; N, 4-0.
q14h21°9^ requires C, 48-4; H, 6*1; N, 4*0^.
Large Scale Preparation. The large scale preparation
oi" 1,3 »4-tri-0-acetyl-N-aaetyl~{S~I)«»glucosamine was carried




A cooled solution of the trityl ether (10 g.) in
glacial acetic acid (32 ml.) was treated with a cooled
saturated solution of hydrogen bromide in glacial acetic
acid (3*2 ml.). The mixture was shaken with cooling for
60 seconds and, after removal of the precipitated triphenyl-
bromomethane, the filtrate was poured into ice-water (200
ml.). The resulting solution was filtered and the combined
filtrate and washings (ca. 300 ml.) were extracted with
chloroform (8 x 300 ml.). The extracts were dried without
washing and evaporated to a syrup. This syrupy residue on
treatment with toluene as before gave a crystalline product
of sufficient purity for further use, m.p. 169-171°.
Overall yield 14*6 g. from 50 g. (67^ of theoretical).
frltylation of l,3.4-Tri-0-aoetyl-N-»aoetyl-*p-»D-gluoosamine.
(a) A solution of 1,3,4-tri-Q-acetyl-N-acetyl-p-D-
glucosamine (50 mg.) in pyridine (1 ml.) was treated with
triphenylchlorometh; ne (40 mg.) at room temperature for 48
hours in the presence of 'Drierite* (200 mg.). The reaction
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mixture was filtered and the filtrate poured into ice-
water. A white powder (10 tag.) was precipitated. Solu¬
tion in the minimum quantity of hot carbon tetrachloride
and cooling gave the characteristic crystals of triphenyl-
caroinol admixed with a little of the impure 6-trityl
ether. 1,2,3,4-Tetra-Q-acetyl-£-D-glucose (50 mg.) under
the same conditions also gave a negligible quantity of the
6-trityl derivative, The product isolated (18 mg.)
consisted mainly of triphenylcarbinol.
(b) A solution of 1,3,4-tri-O-acetyl-N-acetyl-p-D-
glucosamine (200 mg.) in pyridine (2 ml.) was treated with
triphenylchloromethane (160 mg.) at 50° for 60 hours. The
product isolated on pouring into ice-water was a white
powder (220 mg.). This was dissolved in the minimum quantity
of hot carbon tetrachloride and the solution filtered. On
cooling needle shaped crystals of 1,3^-tri-G-aeetyl-N-
aoetyl-o-G-triphenylmethyl-p-D-glucosaiaine separated (150
mg., 33?o of theoretical). They lost solvent at 100-110°
and had m.p. 185-187°, mixed imp. with authentic sample
(after loss of solvent at 100-110°) 185-188°, +24°
(c, 1.2 in CHCI3).
1,3,4-Tri-O-aoet.yl-N-aoety l-o-O-tQluene-p-sulphonyl-g-D-
gluoosamine.
A solution of 1,3,4-tri-0-acety1-N-acetyl-^-B-glucosamine
(100 mg.) in pyridine (1 ml.) was treated with toluene-p-
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sulphonyl chloride (110 mg.) at room temperature for 72
hours in the presence of •Drierite1 (200 mg.). The reac¬
tion mixture was filtered, the excess of acid chloride
decomposed with a few drops of ice-water and the resulting
solution poured into ice-water. The mixture was extracted
with chloroform (3 x 150 ml.) and the extracts, after
washing with 2 N. sulphuric acid (3 x 50 ail.), saturated
sodium bicarbonate solution (3 x 50 ml.) and water (3 x 50
ml.), were dried and concentrated to a syrup (105 mg.).
Trituration with methanol induced crystallisation. After
recrystallisation from acetone-light petroleum, 1,3,4-
tri-O-acetyl-N-acety1-6-0-toluene-£-sulphonyl-^-0-glucos-
amine had m.p. 170-171° [cijp7 +16° (c, 1*1 in CHCI3).
Found: C, 50.7; H, 5*4; S, 6*1.
°21h27°11ks requires C, 50*3; H, 5*4; S, 6*4^.
This material (10 mg.) dissolved in dry acetone (0*1
ml.) was heated in a sealed tube with sodium iodide (10 nig.)
at 100° for a hours. The reaction mixture deposited chara¬
cteristic plate-shaped crystals of sodium toluens-£-
sulphonate, indicating the presence of a primary toluene-
£-sulphonyloxy group.
Tritylation of 3,4-Di-Q-aoetyL-N-acety1-q-D-glucosamine♦
A solution of 3»4-di-0-acetyl-N-acetyl-a-B-glucosamine
(51 mg.) in pyridine (1 ml.) was treated with triphenyl-
chloromethane (60 nig.) in the presence of 'Drierite' (100 mg.).
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After standing at room temperature for 14 days, the product
was isolated from the reaction mixture as a white crystalline
solid (65 mg.). This on recrystallisation from carbon
tetrachloride had m.p, 178-180° [a]^ +31° (o, 0*7 in OHCl^),
+52° (c, 0*6 in 90$ aqueous ethanol). No mutarota-
tion in aqueous ethanol was observed.
Found: 0, 66*0; H, 6*0; N, 2*5.
Calc. for C31H33O8N 0, 68*0; H, 6*1; N, 2*6$.
lack of material precluded identification of this
product which did not appear to be either the expected
derivative, 3,4-di-0-acetyl-N-acetyl-6-0-triphenylaiethyl-D-
glucosamine, or the 1,6-ditrityl derivative.
'1»3,4-Tri-Q-aoet:y l-N-acet.yl-{3-I)-glueosamine 6-
(dlphenyl gho sphate).
The phosphorylating agent used was dlphenyl phosphoro-
chloridate prepared by the method of Poster, Overend and
(42)
Stacey. Fractional distillation with a Yigreux column
gave a product which had b.p. 184-185°/15 mm., 1*5509.
The aniline derivative was prepared and this had m.p,
128-129°. Foster, Overend and Stacey record b.p. 180-190°/
15 mm., 1*5505 for diphenyl phosphorochloridate and
m.p. of aniline derivative 128-129°.
Preliminary Experiment. l,3»4-Tri-0-aeetyl-N-acetyl-
P-D-glueosamine (1*0 g.} was dissolved in dry pyridine (4
ml.) in the presence of 'Drierite' (0*2 g.) and cooled to 0°.
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Diphenyl phosphorochloridate (0*85 g.) was added with shaking
and cooling over 20 minutes and the mixture kept at 0° for a
further 15 minutes.(26) After standing overnight at 10°f
the solution was filtered and cooled to 0° and the excess of
acid chloride decomposed by the addition of a few drops of
ice-water. After standing for 30 minutes the solution was
poured slowly with stirring into ice-water. The product
separated as a gel-like material which changed on stirring
to a white crystalline solid (0*95 g., 57^ of theoretical)
which had m.p. 137-138°. After recryatallisation from
o
aqueous acetone, the diphenyl j)h§sphate had m.p. 144-145 ,
[a]J8 +25° (c, 0*7 in CHCI3).
Found: C, 53-6r H, 5*3; N, 2-7; P. 5-4.
C26H30O12NP requires 0, 53-9; H, 5*2; H, 2*4; P, 5«3St.
Large Scale Preparation. 1,3,4-Tri-G-aeetyl-N-aeetyl-
p-D-glucosamine (11*0 g.) was phosphorylated as in the
preliminary experiment (pyridine, 33 ml., diphenyl phos-
phoroehloridate 9*4 g.) and gave, on pouring into water,
the crystalline diphenyl phosphate (12*4 g.) m.p. 137°.
After recrystallisation from aqueous acetone, the product
(11*8 g.) had m.p. 144-145°. The aqueous filtrate was
extracted with chloroform (2 x 250 ml.) and the extracts
were washed successively with 2N, hydrochloric acid (2 x 50
ml.), saturated sodium bicarbonate solution (2 x 50 ml.)
and water (2 x 50 ml.), dried, and evaporated to a syrup,
A cooled solution of this syrup in aqueous acetone gave a
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further crop of crystals (1*1 g.) identical with the main
product. The total yield (12*9 g.) was 70?£ of the
theoretical.
1,3 »4-Tri-Q-acetyl-H-acetyl-i8-P-glucosaird.ne 6-
(dihy dro gen phosphate).
Preliminary Sxperiment. A solution of 1,3,4—tri-O-
&oetyl-N-acetyl-f3-D-glucasamlne 6-(diphenyl phosphate) (430
Big.) in aldehyde-free ethanol (25 ml.) was refluxed for 25
minutes with activated charcoal (05 g.). The charcoal
was removed and the solution added to ethanol (15 ml.)
containing tine platinum catalyst (from 40 mg. Adam's platinum
oxide reduced in situ). The solution was shaken in an
atmosphere of hydrogen at a pressure slightly greater than
one atmosphere until the uptake of hydrogen ceased (40
minutes). The uptake of hydrogen, corrected to ff.T.P. (132*5
ml.) corresponded to 8 mol. (theoretical uptake 8 mol.).
The catalyst was removed and the product, after evaporation
of the solvent at 25°» was obtained as a semi-crystalline mass.
Trituration with acetone gave a cx-ystalline product (230 mg.,
73$> of the theoretical) which had hi.p. 164-166w (decomp,),
[a]J9 +25° (o, 1*0 in H20).
Found: G, 38*9; H, 5*0; N, 3*6; P. 7*0.
°14h22C)12np requires C, 39*3; H, 5*2; N, 3*3; P, 7*3/».
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Large Scale Preparation, The diphenyl ester (12*8 g.)
was treated as above, in three separate portions (eaoh 4*2 g.
with a total quantity of ethanol (100 ml,} and Adam's
platinum oxide (1-3 g,). In each experiment the uptake of
hydrogen reached 7*6 mol. (95>£ of the theoretical) and
stopped, The time re aired for this uptake varied con¬
siderably, 18, 19 and 7 hours being required respectively for
the three experiments. Removal of the solvent at low
temperature gave a syrup which on treatment with ethanol gave
the crystalline product (6*40 g.). The mother liquors on
concentration yielded a further crop of crystals (0*69 g*) •
The total yield (7*09 g.) was 75% of the theoretical,
Oyclohexylamine salt, A solution of the above phosphat
(50 mg.) in ethanol was treated with oyclohexylamine (1 drop)
in ethanol. Addition of ether to the mixture gave a
crystalline product, m.p, 183-184°. This could not, however




(dihydrogen phosphate) (450 nig.) in N hydrochloric acid
(11 ml.) was heated at 100° until the rotation became
constant. The final value of the rotation corresponds
to [a]^0 +53*5° (o, 2-5 in N HC1) for the dipolar ion of
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glucosamine 6-phosphate. Concentration of the solution
to small volume and the addition of ethanol and acetone
failed to induce orystallisation and attempts to prepare
a crystalline cy clohexylamine salt were also unsuccessful.
(b) The hydrolysis was repeated with 1*0 g* of the
phosphoric ester and N hydrochloric acid (25 ml.).
After 30 minutes at 100°, the reaction solution was
neutralised with barium hydroxide solution to pH 7. The
neutral solution was treated with ethanol (4 volumes) and
the precipitated barium salt was isolated and washed
successively with 90$ aqueous ethanol, ethanol, ethanol-
ether (75:25), ethanol-ether (25:75), and ether. The
dried precipitate (1*9 &.» 206$ of theoretical) was
purified by solution in water (15 ml.) and reprecipitation
with ethanol (60 ml.}. The precipitate, washed with
ethanol-ether as before, was obtained as a dry white powder
(640 mg.).
Found: P, 3*5.
°6H12°8HP3a reQuires p> 7*87$.
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This was purified further "by solution in water (18 ml.),
and repreoipitation with ethanol (72 ml.). After washing
as before a white powder (240 mg») was obtained,
found; P, 6-6^.
Repetition of this procedure gave a product (80 mg.,
9$ of theoretical) which, after drying at 78°/l5 mm., had
P, 7*6?S.
found; C, 20-8; H, 4*3; N, 2*9; P, 7*6.
G6H12°8Nj?Ba requires C, 18*3; H, 3*1; N, 3*6; P, 7*87'^.
The preparation of a crystalline dibrucine salt was
attempted by treatment of the barium salt (40 mg.) in
water (5 ml.) with a solution of brucine sulphate (103 mg.)
in water (40 ml.). The precipitated b&rium sulphate was
removed by centrifugation and the clear solution concentrated
to a glass. Trituration with ethanol gave an amorphous
solid (50 mg.) which could not be crystallised.
Found; P. 3-7.
G6%4°8^,2^G23B26G4K2^ requires P, 3*0$.
(c) 1,3,4-Tri-O-acatyl-N-acetyl-P-D-glucosamine 6-
(dihydrogen phosphate) (400 mg.) was hydrolysed with If
sulphuric acid (12 ml.) at 100° for 3 hours.












The final value of the rotation corresponded to
[ft]3G +60° (c, 2'0 in K H^SG^) for the dipolar ion of
glucosamine 6-phosphate. The reaction solution was
neutralised by shaking overnight with finely divided barium
carbonate. After filtration and thorough washing of the
barium salts with water, the combined filtrates were
treated with ethanol (4 volumes) and the resulting pre¬
cipitate washed and dried as in previous experiments.
Found: P, 6*3.
CgH^OgNPBa requires P, 7*9$«
The product, a white powder (290 mg.), was dissolved
in 0*01N hydrochlox'ic acid (6 ml.) and treated with
ethanol (24 ml.). The resulting precipitate (150 mg.,
41$ of theoretical), had [ft]^ of the dipolar ion +53°
(c, 0*4 in H20 pH 2*5). (Brown records +48*5°
(c, 0*5 in H2O pH 2*5) for the dipolar ion).
Found: 0, 19*6; H, 4*4; N, 4*7; total P, 7*32;
inorganic P, 0*05.
CgH^OgNPBa requires G, 18*3; H, 3*1; N» 3*6; total P, 7
inorganic P, 0$.
(d) 1,3,4-Tri-O-acetyl-N-acetyl-p-D-glucosainine 6-
(dihydrogen phosphate) (400 mg.) was hydrolysed with N
sulphuric acid (12 ml.) at 100° for 2.5 hours. The
hydrolysis solution was neutralised with barium hydroxide
solution (half saturated). During the neutralisation,
samples (1 drop) were removed and tested for the presence
%ec\a^L
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5873 I/BS.21 4.025mg 3.750mg
5874 </SL.40 3.590 10.730
5875 ^/SM.74 3.700 7.030
5876 •^S.G.104 4.265 14.560
5877 " HH.57 4.120 7.800
5878 ✓ 58 3.805 7.205
5879 ✓ 59 3.690 7.285
5880 ' 60 3.430 6.715
5881 ✓ 61 2.570 5.600
5882 .G.105 4.235 0.150
5875 VSM.74 5.30 6mg 3.261mg
5876 <^S.G.104 3.782mg e o o H •
5876 HS".G.104 0.430mg 4.34 5mg
5873 B .P .21 3.860mg 0.201ml
5874 U&L.40 3.835 0.382
5875 VSM.74 3.200 0.230
2.900 0.199


























Substances have been dried according to inscructions.
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of barium ions with, a solution of rhodizonie acid in
(58)
water. When all the sulphuz'ic acid had been pre¬
cipitated as barium sulphate, the presence of soluble
barium was shown by a red-brown precipitate of barium
rhodizonate. The precipitated barium sulphate was removed
by centrifugation and the clear solution (pH 4) was con¬
centrated to 10 ml. Ethanol was added to turbidity and
tne mixture kept at 0° for several days. Crystals were
deposited (120 mg., 46$ of theoretical) and these, after
drying at 18°/0*1 mm. had deoomp. point 170-180°
[c]*-1 +54° (c, 0*5 of the hydrate in J^Q), oalc. for the
anhydrous compound +58°. Analysis indicated these to
be the monohydrate of ,D-glucosamine 6-(dihydrogen phosphate),
found: C, 25-8} H, 5*7; If, 5-2; total ?, 11«3;
inorganic P, 0.
G6H14Q8HP'H2° requires c, 26-0; H, 5*8; N, 5-1; total P, ll-2j
inorganic P, 0$.
(e) 1,3»4-Tri-O-acetyl-N-aoetyl-g-D-glucosamine 6-
(dihydrogen phosphate) (2*8 g.) was hydrolysed with N
sulphuric acid and the hydrolyaate neutralised as in
preliminary experiment (d). On treatment of the neutralised
solution with ethanol, the monohydrate of glucosamine





Ghromatographic examination of this product (applied
in dilute sulphuric acid solution) and the b&rium salt
previously obtained (freed from barium by treatment with
sulphuric acid) showed identical spots. The chroHistograms
/ O 1 \
were run using the ascending paper technique and with
ethyl acetate-pyridine-formamide (6:1:3) as solvent. The
(74)
spray used was ferric chloride-sulphosalicylie acid.
(f) A solution of 1,3,4-tri-O-aeetyi-N-acetyl-p-D-
glucosamine 6-(dihydrogen phosphate) (200 mg.) in water
(3 ml*) was heated at 100° for 30 hours. The resulting
brown solution, after decolourisation v/ith charcoal, 'was
filtered and concentrated to a glass. The glass was
dissolved in water (4 ml.) and ethanol added to turbidity.
After several days the precipitate which had been deposited
was removed and the filtrate treated with more ethanol and
seeded with the crystalline monohydrate obtained in the
previous experiment. The crystalline product which
separated after standing for several weeks at 0° was
isolated. This product (17 mg., 12®£ of theoretical) had
decomp. point 165-175° and analysis indicated that it was
the dihydrate of glucosamine 6-(dihydrogen phosphate).
Found: G, 24*4; H, 6*0; N, 4 -6; P, 10*4.
°6H1408N?'2H2° requires c, 24*4; H, 6*1; N, 4*7; P, 10*5^.
Hydrolysis of P-Glueosamine o-CDihydrogen phosphate).
The crystalline monohydrate of glucosamine 6-(dihydrogen
H VORol ys is CM






phosphate) (67*9 mg.) in N hydrochloric acid (25 ml.) was
heated at 100° and aliquota were analysed for
hydrolysed phosphorus. RoMson^^ has carried out the
hydrolysis of glucose 6-(dihydrogen phosphate) under the
same conditions and Ms percentage hydrolysis figures are
shown alongside for comparison.
Time Hydrolased g4 Hydrolysis of <$, Hydro 1„ sis^^of
(hours) pnospnorus (mg/ail) glucosamine * glucose 6-*"
o ■- pSbspha'fe phosphate
0 nil 0 -
4 0*013 4*3 12*7
8 0*021 6*8 21*6
20 0*048 15*6 44*9
45 0*104 34*2 75*0
58 0*128 42*1 «■»
70 - - 88*9
80 0*160 52*6
(See (^rapks J
Periodate Oxidation of Glucosamine 6-Phosphate.
(A) Periodate Uptake. The oxidations were carried
out under conditions similar to those used by Brown.(32)
The unbuffered oxidation solutions were adjusted to pH 4*5
and the oxidation allowed to proceed at room temperature
in the dark. The following is a typical oxidation. The
weighed substance (100-200/nmoles) was dissolved in water
and the solution adjusted to pH 4-5 and made up to 25 ml,
A sample of this (6 ail,) was taken, 3 ml. of 0*1M sodium
-121-
metaperiodate added and the mixture made up to 10 ml.
At suitable intervals, 3 ml. portions were withdrawn and
treated with 0*6 g. sodium bicarbonate, 0*6 g. potassium
iodide, and 5 ml. 0*1H sodium arsenite. After 10
minutes the mixture was titrated with 0«05N iodine using
starch indicator. In the oase of a barium salt, the
barium was precipitated by addition of 3 ml. 0*1N sulphuric
acid and removed prior to adjusting the pH to 4*5.
Uptake of Perioaate in moles/mole of sugar
22 hours 64 hours 94 hours
Glucosamine hydrochloride 4*8 4*9 4*9
Glucosamine 6-(barium phosphate) 3*8 3*9 3*9
Glucosamine 6-(dihyarogen 3*9 3*9 3*9
phosphate)
(Theory: Glucosamine 5*0 moles/mole
Glucosamine 6-phosphate 4*0 moles/mole.
(B) Formaldehyde Release. Solutions of the sugar
derivatives were oxidised in buffered solutions (pH 7*5)
with periodate (21 hours) and the formaldehyde released
estimated under exactly the conditions advocated by 0*Dea
and Gibbons. (Three glucose solutions of different
concentration were used as standards and the filter used
was the Ilford spectrum yellow (606).
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Sugax Derivative Moles of HOHO/ Theoretical
mole of sugar
Glucosamine hydrochloride 0«8l 1.0
N-Acetyl-D-glucosaiaine 0*98 1»0
Glucosamine 6-(barium phosphate) 0*00 0*0
Glucosamine 6-(dihydrogen phosphate) 0-00 0*0
Attempted Estimation of the Glucosamine Content of Glucosamine
6-phosphate.
An attempt by the method of Elson and Morgan^1"' as
modified by Belcher, Nutten, and Sambrook,^^ was made
to determine the glucosamine content of the glucosamine
6-phosphate samples prepared. Following the method
prescribed exactly, using glucosamine solutions as standards
and the Ilford spectrum green (604) filter, the crystalline
monohydrate of glucosamine 6~(dihydrogen phosphate) was
found to have a glucosamine content 59^ of the theoretical
and the barium salt a content 29^ of the theoretical. It
was noted that the colours of the solutions obtained from
the phosphate derivatives were considerably more brown than
those of the glucosamine standards.
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Attempted Preparation of Glue - lamine 6-?hosphate by Direct
Pho sphorylation.
Phosphorylation
Preliminary Experiment. Metaphosphoric acid, prepared
by heating A. E. syrupy phosphoric acid (7 ml.) in water
<10
(1*33 ml.) until the solution became turbid, was added to
dry D-glucosamine hydrochloride (6 g.) and methyl cyanide
(distilled over phosphoric oxide) (20 ml.) and the mixture
heated under anhydrous conditions with occasional shaking
at 80° for 40 minutes.Removal of the methyl cyanide
by decaritation and treatment of the chilled residue with
isopropanol (50 ml.) and ether (50 ml.) gave a solid
product which after drying was a chocolate-coloured powder
(6*5 g.).
Found: P, 5^.
Large Soale Preparation. Glucosamine hydrochloride
(20 g.) was stirred with metaphosphoric acid (from 25 ml.
phosphoric acid) and methyl cyanide (70 ml.) at 80° for
2*5 hours. The product was isolated, as in the preliminary
experiment, as a dry powder (25 g.).
Found: P, 8*4$.
This product was re-phosphorylated under exactly the
same conditions for 1*5 hours and isolation as before gave
a dry powder (27 g.).
Found: P, 14*2$.
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Attempted Selective Hydrolysis to JD-glucosamine 6-(Dihydrogen
Pho sphate).
(a) The phosphorylated glucosamine (3*5 g., P. 14*2$)
was hydrolysed for 25 minutes with N hydrochloric acid
(70 ml.) at 100°. Evaporation gave a syrup which was
washed with isopropanol (2 x 25 ml.) and extracted with
water (150. ml,). The filtered aqueous extract was
decolourised with charcoal and passed through a column
(30 cm. x 5 cm.) of anion-exchange resin (Deacidite F).
The column was elated with water (1*5 1.) until the eluate
was non-reducing to Fehling's solution. The eiuate was
treated with N hydrochloric acid (5 ml.) and concentrated
to small volume. On cooling, the residual solution
deposited crystals of 33-glucosamine hydrochloride (0*65 g.)»
[a]*7 +95° (3 minutes)—» +72° (final) (c, 1*1 in H20).
(Irvine and Sari^72^ record [a]j) +10G^-» +72-5° in H2O).
The column 'was then eluted with N hydrochloric acid
until the eluate gave a negative test for the presence of
phosphorus (1500 ml.). Evaporation of the eluate and
trituration of the residue with isopropanol gave a yellow
powder (1*7 g.).
Found: C, 22-9; H, 4-5; N, 14*4; P, 1-4.
Gale, for OgH^OgNP: C, 27-8; H, 5*4; N, 5*4; P, 12*0.
Gale, for C6B1408NP.BC1: C, 24*4; H, 5*1; N, 4*7; P, 10-5$.
(G8B140gNP * Glucosamine 6-(dihydrogen phosphate)
G8H1408I4P.HC1 = Glucosamine 6-(dihydrogen phosphate) hydro¬chloride )»
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Paper chromatographic examination of this product
with butanol-pyriaine-water (1:1:1) as solvent and aniline
oxalate as spray failed to reveal the presence of any
glucosamine hydrochloride.
The resin column was eluted with a further quantity of
N hydroohloric acid (1 1.) and a yellow powder (1*2 g.)
was isolated from this eluate.
Found: N, 16*4? P. 0*3$.
(b) The phosphorylated glucosamine (5*9 &•» P, 14*2$)
was hydrolysed with N hydrochloric acid (160 ml.) at 100°
for 40 minutes. The hydrolysate was evaporated to
dryness and the residue washed thoroughly with isopropanol
in an attempt to remove free phosphoric acid and
hydrochloric acid. The residue was then extracted with
water (100 ml.) and the extract filtered and treated with
charcoal at 100°. Residual phosphoric acid was then
removed from the colourless solution by addition of barium
acetate solution followed by barium hydroxide solution
until no further precipitation of barium phosphate
occurred. After removal of the insoluble inorganic salts,
the sugar phosphate was isolated as the barium salt by
the addition of a small excess of barium hydroxide followed
by precipitation with ethanol (4 volumes). Washing with
90fa aqueous ethanol, eth nol, ethanol-ether (75:25),
ethanol-ether (25:75), and ether left a powder (220 mg.).
Found: P, 3*8,
C^H^Og^PBa requires P, 7*87?$.
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Extraction with water (20 ml.) and reprecipitation
with ethanol (80 ml.) left, after washing with ethanol and
ether as before, a dry powder (90 mg.).
Found: P, 5*9$.
The purification process was repeated and a product
(45 mg.) isolated which had [a]|® +24° (c, 0-7 in II20),
[a]|° +43° (c, 0*2 in H2Q> pH 2*5). Brown^-^ records
(&3t)^ +48*5° in H20, pH, 2*5 for the dipolar ion.
Found: G, 17.2; H, 3-6; N, 2.9; total P, 6.9,
inorganic P, 0*0; 3a, 31*0.
G6H12°8NPBa squires 0, 18*3; H, 3*1; N, 3*6; total ?, 7*87,
inorganic P, 0*0; Ba, 34'8.
OgH^OgNPBa.HCl requires C, 16*7; H, 3*0; N, 3*2; total P, 7*2,
inorganic P, 0*0; Ba, 31*8^.
Chromatographic examination of this material with
(73)
n-propanol-ammonia-water (6:3:1) as eluant and both
(74)
aniline oxalate and ferric chloride-sulphosalicylic acidx
as sprays revealed only one spot.
Periodate Oxidation. Using the methods already
described, the periodate uptake (p.iko) and the formalde¬
hyde release (p./2>/ ) of this barium salt were determined.
hesuits.
22 hours 66 hours 100 hours
Periodate uptake 2*8 3*7 3*8 (Theory 4*0)




2N Sodium hydroxide solution (25 ml.) was added,
dropwise with cooling, to a mixture of phosgene (4*85 g.)
and thiophenol (5*39 g.) in dry toluene (25 ml.).(75)
The toluene layer was separated, dried, and the solvent
removed. The residual oil was distilled, b.p. 95-105°/
12 mm. and redistillation, b.p. 100°/12 ma., gave phenyl
thiocarbonyl chloride (1*99 g.).
Attempted Preparation of the Phenyl Thiooarbonyl Derivative
of Glucosamine.
Glucosamine (0*40 g.) in dry pyridine (30 ml.) was
treated at room temperature with phenyl thiocarbonyl
chloride (0*31 ml.) in the presence of •Drierite.* After
72 hours, the filtered reaction mixture was poured into
ice-water. The resulting amorphous precipitate (79 mg.,
12$ of theoretical) was washed with water and dried.
The aqueous fraction was extracted with chloroform (3 x 100
ml.) and the extracts, after washing with 2N hydrochloric
acid and water, were dried and concentrated to a syrup (30
mg., 4$ of theoretical). No crystalline product could
be isolated from either the amorphous solid or the syrup.
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ff-D-Gluoogamine.
Glucosamine hydrochloride (5*0 &.) in ethanol (57 ml.)
and diethylamine (3*6 ml.) was shaken for 2 days.^^
The insoluble product was separated and again shaken with
ethanol (10 ml.) and diethylamine (0*8 ml.) for 1 hour.
The crystalline residue was further purified by digestion
with ethanol (25 ml.) at 40° overnight end, after drying,
these crystals of (3-D-glucosamine had m.p. 118°,
[a]|2 +25u (3 min.)—> +48° (final) (c, 1*2 in H2G).
(Westphal and Holamann^0</ record m.p. 120° [a3b +20°—>
+47*5° in H20).
1.3.4,6-Tetra-Q-acetyl-N-aoetyl-fl-D-glucosamine.
P-D-Glucosamine (3*0 g.) in pyridine (31 ml.) and
acetic anhydride (19 ml.) was allowed to stand at room
temperature for 5 days.^^ The mother liquors were
decanted and the residual crystalline product was washed
with water and dried. The crystals (2*2 g., 34$ of
theoretical) of 1,3,4,6-tetra-O-acetyl-N-acetyl-P-D-
c,
glucosamine had m.p. 185-187°, [e]^ +1° $1*2 in OHOl^)
(Hudson and Bale^^ record m.p. 187-189°, [a]j) +1*20 in
CHCl-j).
Hydrolysis of N-Acetyl-P-gluoosamine.
Solutions (4$) of H-acetyl-D-glucosamine in various
concentrations of hydrochloric acid were hydrolysed, at
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different temperatures, until the rotations of the solu¬
tions reached constant values.
(A) N. HC1 at 60° (3) N» HC1 at 100°
Time (hours) gn(1 dm.) Time (hours) &Q(1 dm,).
0 1* 41° 0 1* 41°
2 1.70° 0* 5 2*30°
4 1* 87° 1 2* 49°
22 2' 41° 2 2*65°
58 2'62° 3 2-65°
70 2•68°
(0) 3N. HOI at 60° (D) 3H. HOI at 100°
Time (hours) a0(1 dm.) Time (hours) oQ(1 dm.)
0 1-40° 0 1-40°
1 1.69° 0-5 2-70°
2 1.88° 1»0 2-76°
3 2»03° 1*5 2-76°
5*5 2*21°
10*5 2*50°
Hydrolysis of 1,3*4 ,6-Tetra-0-acetpl-N-aoetjl-i5»I?-
£lucosamine.
'WWI 'Ill mil milium—nm
A solution (4$) of l,3t4,6-tetra~0-acetyl-N-acetyl-P'
D-glucosaaine in N hydrochloric acid was heated at 100°
until the rotation reached a constant value.
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The hydrolysate was concentrated to small volume and
treated with ethanol (3 vol.) and acetone, Crystals of
©-glucosamine hydrochloride (200 mg., 84$ of theoretical)
separated which had +86° (3 mln.)—> +70° (final)





(1) Crystalline methyl 2:3-anhydro-a- and p-D-lyxofuranosides
have heen prepared (the latter for the first time) by an
improved method from the crystalline methyl 3:5-isopropyli-
dene-2-toluene-£-sulphonyl-a- and p-D-xylofuranosides.
Methylation of these anhydro sugars gave the corresponding
5-methyl ethers,
(2) The methy l 2: 3-nnhydro-B-lyxofuranosides have been
treated with. raethanolic ammonia and crystalline N-iso-
propylidene and N-acetyl derivatives of the methyl 3-amino-
3-deoxy-D-arabofuranosides have been isolated and
characterised. Hydrolysis of the N-acetyl derivatives
gave a crystalline hydrochloride of 3-amino-3-deoxy-D-
arabinose,
(3) Methylation of the methyl 3-acetamido-3-deoxy-D-
arabofur&nosides led to the Isolation of one mono- and
two di-methyl new crystalline ethers,
(4) Ammonolyses, with methanolic ammonia, of the methyl
2: 3-anhydro-5-methyl-D-lyxofuranosides gave crystalline
N-acetyl derivatives of the methyl 3-amino-3-deoxy-5-
methy1-D-arabofuranosides which were characterised,
(5) Attempts were made to separate crystalline 2-amino-
2-deoxy-D-xylose derivatives from the ammonolysis products




(6) An attempted preparation ol glucosamine 6-phoaphate by
tritylatlon and acetylatlon of M-^-raethaxybeiuylideoe-D-
glucosamine followed by detritylation, phosphorylation,
and de-aeetylation was uxisucceasful, due mainly to the
instability of the H^jp-methoxybenayli&ene group*
(7) A successful synthesis was carried out by tritylation
and acetylation of N-acetyl-D-glucoaamine. The « and 0
anomer© of the tetra-acety1-6-trity1 derivative were
separated, Detritylation and phosphorylation of the 0
anamer, followed by de-acetylation led to the isolation
of the crystalline monchydrate of glucosamine 6-phosphate.
Each intermediate in the synthesis was obtained crystalline.
(8) The constitution of the glucosamine 6-phosphate was
confirmed by the theoretical uptake of periodate and the
absence of formaldehyde on oxidation with periodate under
standard conditions. Estimation of the glucosamine
content of glucosamine 6-phosphate by the Eleon-Morgan
technique was shown to be inapplicable.
(9) The preparation of glucosamine 6-phosphate by the
direct phosphorylation of glucosamine hydrochloride with
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The Ammonolysis of Methyl 2 : 3-Anhydro-D-lyxofuranoside.
By J. M. Anderson and Elizabeth Percival.
[Reprint Order No. 5857.]
Baker, Schaub, Joseph, and Williams (J. Amer. Chem. Soc., 1954, 76, 4044) in the
course of a total synthesis of puromycin reported the isolation of the a- and the p-form
of methyl 3-acetamido-3-deoxy-d-arabofuranoside by ammonolysis, followed by IV-acetyl-
ation, of the methyl 2 : 3-anhydro-d-lyxofuranosides. In investigations into the mode
of fission of ethylene oxide rings we too carried out this series of reactions and isolated
the two anomers. Baker et al. (loc. cit.) concluded that their product was the 3-amino-
3-deoxy-d-arabinose derivative and not the other possible fission product, the 2-amino-
2-deoxy-d-xylose derivative, inasmuch as the hydrochloride of their product had a
different decomposition point and rotation from 2-amino-2-deoxy-d-xylose hydrochloride,
prepared by Wolfrom and Anno (J. Amer. Chem. Soc., 1953, 75, 1038). We obtained
proof that neither of the crystalline IV-acetyl derivatives was a xylose derivative because
all attempts to condense them with acetone were unsuccessful. The starting material
was obtained in quantitative yield in every experiment, whereas 2-amino-2-deoxy-d-xylose
would have given the 3 : 5-fsopropylidene derivative. It is clear therefore that the main
product from the fission of the oxide ring is an arabinose derivative.
Proof that no change to the pyranose form had occurred was obtained by the isolation
from both anomers of the di-O-toluene-^-sulphonyl derivative followed by replacement of
the primary toluene-^>-sulphonyloxy-group by iodine. The action of sodium iodide in
acetone was carried out under conditions specific for the replacement of a toluene-^-
sulphonyloxy-group attached to a primary carbon atom (see Tipson, Adv. Carbohydrate
Chem., 1954, 8, 192). Control experiments were carried out with methyl 2:3: 4-tri-O-
benzoyl-6-0-toluene-/>-sulphonyl-a-d-mannopyranoside and toluene-^>-sulphonamide. The
former gave the same percentage yield of sodium toluene-^>-sulphonate as did the above
di-0-toluene-^>-sulphonyl derivatives; the latter gave no sodium toluene-^>-sulphonate,
evidence that had the toluene-/>-sulphonyl chloride condensed with the amino-group of
the sugar it would not be removed under these conditions.
Experimental.—Solvents were removed under reduced pressure. Methanolic ammonia was
prepared by saturating dry methanol with ammonia at 0°.
Methyl 3-acetamido-3-deoxy-oi.-'D-arabofuranoside. Methyl 2 : 3-anhydro-a-D-lyxofuranoside
(/., 1953, 564) (m. p. 80°; 0-90 g.), dissolved in dry methanolic ammonia (40 ml.), was heated
in a sealed tube at 120° for 48 hr. After concentration of the cooled solution, distillation gave
a viscous syrup (0-85 g.), b. p. 150—170°/0-01 mm. A solution of this in water (20 ml.) and
methanol (2 ml.) was stirred at 5° with anion-exchange resin (Amberlite I.R. 400; bicarbonate
form) (24 ml.) and acetic anhydride (0-6 ml.) for 90 min. (Roseman and Ludowieg, J. Amer.
Chem. Soc., 1954, 76, 301). Filtration and evaporation gave a syrup (0-96 g.), which formed
prisms (0-52 g.) from acetone, and on recrystallisation had m. p. 120—121°, [a]^ +124° (c, 0-7
in EtOH), +134° (c, 1-0 in H20) (Baker et al., loc. cit., record m. p. 115^116°, [a]D +102° in
HaO) (Found: C, 47-2; H, 7-6; N, 6-5. Calc. for C8Htf05N : C, 46-8; H, 7-4; N, 6-8%).
Methyl 3-acetamido-3-deoxy-$-v>-arabofuranoside. Syrupy methyl 2 : 3-anhydro-a|3-D-lyxo-
side (2-8 g.), in dry methanolic ammonia (75 ml.), was treated as described for the a-form. A
portion (1-01 g.) of the derived syrup in dry methanol (20 ml.) was treated with acetic anhydride
(2-5 ml.), and the mixture kept at 18° for 18 hr. This, after dilution with water (10 ml.),
neutralisation with solid sodium hydrogen carbonate, filtration, and evaporation to dryness,
gave a residue which was extracted with chloroform. Evaporation of the dried chloroform
extract gave a syrup (0-76 g.) which, on solution in methanol-acetone (50%), addition of ether
to incipient turbidity and recrystallisation, yielded needles (0-16 g.), m. p. 156°, [a]„ —165°
(c, 1-0 in EtOH), —120° (c, 1-2 in H-O) (Baker et al., record m. p. 155°, [aln —119° in H,0)
(Found: C, 46-2; H, 7-3; N, 6-9%).
Attempted isolation of an isopropylidene derivative. Methyl 3-acetamido-3-deoxy-a-D-
arabofuranoside (50 mg.) was shaken with dry acetone (10 ml.), anhydrous copper sulphate
(1 g.), and 2 drops of acetaldehyde for 14 days. This gave a syrup (45 mg.) which crystallised
completely on trituration with acetone; the solid had m. p. and mixed m. p. with starting
material 118—120°, [a]{f +124° (c, 0-7 in EtOH). Methyl 3-acetamido-3-deoxy-(3-D-arabo-
furanoside (50 mg.) was treated with dry acetone and anhydrous copper sulphate under the
same conditions. The product (46 mg.) had m. p. and mixed m. p. with starting material
156°, Hi8 -160° (c, 0-5 in EtOH) (Found : C, 46-9; H, 7-35. Calc. for C8HtJ05N : C, 46-8;
H, 7-4; for CnHjgOjN : C, 53-8; H, 7-8%).
Methyl 3-acetamido-3-deoxy-2 : 5-di-O-toluene-p-sulphonyl-a-o-arabofuranoside. Methyl
3-acetamido-3-deoxy-a-d~arabofuranoside (10 mg.) in dry pyridine (1 ml.) was treated with
toluene+>-sulphonyl chloride (40 mg.) in the presence of " Drierite " for 60 hr. at room
temperature. The toluene-^-sulphonyl derivative (11-7 [imoles) obtained after appropriate
treatment, was dissolved in dry acetone and heated with sodium iodide in a sealed tube for
2 hr. at 100°. Characteristic plate-shaped crystals of sodium toluene+>-sulphonate (identified
as the S-benzylthiouronium salt, m. p. 179—180°) were deposited in a yield (10-3 (rmoles)
comparable with that in a similar experiment carried out on methyl 2:3: 4-tri-O-benzoyl-
6-O-toluene-^-sulphonyl-a-d-mannopyranoside (9-3 [imoles from/11-4 jxmoles). Toluene+>-
sulphonamide failed to yield sodium toluene+-sulphonate under similar treatment. Identical
experiments were carried out with the |3-anomer (10 mg.) and the derived 2 : 5-di-O-toluene-
^>-sulphonyl derivative (19-5 jxmoles) on treatment with sodium iodide in acetone gave sodium
toluene+>-sulphonate (16-5 (Jimoles). (Corrections for solubility of sodium toluene-^-sulphonate
in acetone were made in all of these experiments.)
3-Amino-3-deoxy-n-arabinose hydrochloride. After methyl 3-acetamido-3-deoxy-a-d-arabo-
furanoside (91 mg.) had been heated at 100° with hydrochloric acid (10 ml.; 3n) for 60 min.
and the solution had been concentrated to dryness, a syrup was obtained which crystallised
from methanol; the solid had m. p. 161° (decomp.), [a]„ —109° (c, 0-3 in H20) {Baker et al.,
loc. cit., record m. p. 159° (decomp.), [a]D —112° in H20}.
The authors are grateful to Professor E. L. Hirst, F.R.S., for advice and encouragement,
and one of them (J. M. A.) is indebted to the Department of Scientific and Industrial Research
for a maintenance grant.
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224. The Synthesis of Laminaribiose (3-(3-d-Glucosyl t>-Glucose) and
Proof of its Identity with Laminaribiose isolated from Laminarin.
By P. Bachli and (the late) E. G. V. Percival.
Laminaribiose has been synthesised by the interaction of 1 : 2-5 : 6-
dii'sopropylidene glucose and tetra-acetyl glucosyl bromide, proof of its
formulation as 3-p-D-glucosyl D-glucose being thus obtained. The synthetic
material is identical with laminaribiose prepared from laminarin. Various
derivatives of the sugar are described including the a- and the (3-octa-acetate,
hepta-acetyl laminaribiosyl bromide, hepta-acetyl methyl-(3-laminaribioside,
and methyl-(3-laminaribioside.
Laminaribiose was first studied by Barry (Sci. Proc. Roy. Dublin Soc., 1941, 22, 423), who
isolated it as the osazone from the mixture of sugars produced by the action of the juice
of Helix Pomatia on the polysaccharide laminarin. The free sugar, m. p. 161—162°, was
obtained by the partial hydrolysis of laminarin with mineral acid. After removal of the
glucose by fermentation and of the oligosaccharides by precipitation with alcohol, the
disaccharide was obtained as an amorphous powder which crystallised when its aqueous
solution was slowly evaporated. Earlier work by the same author (ibid., 1939, 22, 59)
had shown that laminarin was composed of glucose residues mutually linked through the
1 : 3-positions by (3-linkages. Since the disaccharide was hydrolysed by emulsin giving
rise only to glucose, Barry formulated it as 3-fl-d-glucosyl d-glucose. Laminaribiose was
further studied by Connell, Hirst, and Percival (J., 1950, 3494), and its identity has now
been confirmed by synthesis as the result of the condensation of 2 : 3 : 4 : 6-tetra-acetyl
glucosyl bromide with 1 : 2-5 : 6-difsopropylidene glucose.
Gakhokidze (J. Gen. Chem. U.S.S.R., 1946, 16, 1923) had previously claimed the
synthesis of the a-linked analogue of laminaribiose by the condensation of 2:3:4:6-
tetra-acetyl glucose with 4 : 6-benzylidene 1 : 2-fsopropylidene glucose followed by alkaline
and acid hydrolysis. The formulation of this as 3-a-d-glucosyl d-glucose was established
by the same author in a later paper (ibid., 1949, 19, 2100). Preliminary experiments
revealed that reactions of this type are by no means easy to carry out and the presence of
an effective internal desiccant has been found to be essential. Helferich, Bohn, and
Winkler (Ber., 1930, 63, 989) used calcium chloride in their synthesis of gentiobiose by the
interaction of tetra-acetyl glucosyl bromide and 1:2:3: 4-tetra-acetyl glucose, and
Reynolds and Evans (J. Amer. Chem. Soc., 1938, 60, 2559) found the proprietary material
" Drierite " enabled gentiobiose octa-acetate to be obtained in 75—80% yield. Haskin,
Hann, and Hudson (ibid., 1941, 63, 1724) have also used " Drierite " in similar reactions.
In the present work 3-£S-d-glucosyl d-glucose was synthesised by the condensation of
tetra-acetyl glucosyl bromide with 1 : 2-5 : 6-difsopropylidene glucose in benzene solution
in the presence of silver carbonate, iodine, and " Drierite." Deacetylation, followed by
removal of the fsopropylidene group, and separation of the products on a cellulose column
gave in 9-5% yield the crystalline a-form, laminaribiose, m. p. 198—201°, [a]" 25° —->
+ 18-6° in water (compare Connell, Hirst, and Percival, loc. cit.).
For comparison with the synthetic material, laminaribiose was prepared from laminarin.
After partial hydrolysis of the polysaccharide, laminaribiose was separated from the other
products on a charcoal-" Filter Cel " column of the type described by Whistler and Durso
(J. Amer. Chem. Soc., 1950, 72, 677). The crystalline product had m. p. 199—202°, and
gave no depression of m. p. on admixture with the synthetic material. The two samples
gave identical osazones and octa-acetyl derivatives, and their X-ray powder photographs
were indistinguishable. The formulation of natural laminaribiose as 3-|3-d-glucosyl
d-glucose is, therefore, definitely established. In the course of these experiments
crystalline hepta-acetyl methyl-p-laminaribioside and methyl-(3-laminaribioside were
prepared.
After this work had been completed a synthesis of 3-(3-glucosyl glucose was reported by
Freudenberg and Oertzen (Annalen, 1951, 574, 37), who used the same starting materials
for the synthesis and obtained the crystalline p-form, m. p. 188—192°, [a]D +7° >- 20-8°
in water, of laminaribiose, but were not in a position to compare directly the natural and
the synthetic disaccharide. There is, moreover, little overlap between their work and
ours since their experimental methods and the derivatives they describe are not the same
as those recorded in the present paper.
Experimental
1 : 2-5 : 6-Diisopropylidene 3-(fi-Tetra-acetyl D-Glucosyl) o-Glucose.—Pure 1 : 2-5 : 6-diiso-
propylidene glucose (10 g.), silver carbonate (15 g.), and " Drierite " (30 g.; dehydrated at 240°
during 2 hours) were shaken in dry benzene (80 c.c.) for 12 hours. Iodine (3 g.) was added
followed by an equimolecular proportion of 2 : 3 : 4 : 6-tetra-acetyl glucosyl bromide (15-7 g.)
in dry benzene (80 c.c.), added slowly during 1 hour with constant shaking in the dark. The
shaking (with occasional release of carbon dioxide from the flask) was continued until a test
sample gave no precipitate with alcoholic silver nitrate (70 hours). After filtration through
"Filter Cel" the unchanged diisopropylidene glucose (2-8 g.) was removed by repeated
extraction with water (4 x 100 c.c.). The aqueous extracts showed only diisopropylidene
glucose when examined on a paper chromatogram. The solution was dried (Na2S04), treated
with a little charcoal, and filtered. Removal of the solvent gave a colourless glass (A) (16-8 g.).
3-ji-D-Glucosyl ~D-Glucose.—The acetyl groups were removed by shaking a solution of (A) in
methanol (80 c.c.) for 6 hours with 0-lN-sodium methoxide (10 c.c.) at room temperature,
followed by neutralisation with aqueous oxalic acid. Removal of most of the methanol at
40°/15 mm. was followed by the removal of the isopropylidene groups by treatment of the
residue with oxalic acid (0-01n; 150 c.c.) at 100°. After neutralisation with barium carbonate
and filtration, the remaining ions were removed by Amberlite 1R-100H and 1R-4B ion-exchange
resins. Evaporation of the water left a colourless syrup (B) (10-3 g.) (Found : Ac, nil).
Examination on the paper chromatogram with pyridine showed the presence of much glucose
(Ra 1-0) and of substances with Ra values 3-1, 2-1, 0-75 (laminaribiose), 0-4, and 0-25.
A column of powdered cellulose (50 X 2-8 cm.) was prepared, washed, and tested as described
by Hough, Jones, and Wadman (J., 1949, 2511). The syrup (B) (10-2 g.) was dissolved in
butanol-pyridine-water (2:1:1). The elution was started with butanol (300 c.c.) followed by
butanol-water-pyridine (6:1:1). The disaccharide appeared after elution of the column by
butanol (300 c.c.) and butanol-water-pyridine (6:1:1) (2130 c.c.), and was present in the next
600 c.c. Removal of the solvent gave a white glass (1-242 g.; equivalent to a yield of 9-5% of
theory); this crystallised slowly when a concentrated solution in ethanol was kept at 0°, and
formed needles (1-17 g.), m. p. 196—199°. Further recrystallisation gave material, m. p. 204—
206°, [oc]jj -|-24-9° (20 minutes), +18-6° (9 hours, constant) in water (c, 2-5). Estimation by
hypoiodite oxidation according to the method described by Hirst, Hough, and Jones (/., 1949,
928) indicated that the material was 99-5—100% pure (Found : C, 42-0; H, 6-6. Calc. for
C^HggOjj : C, 42*1; H, 6-5%).
3-fi-Glucosyl Glucosazone.—The disaccharide (0-075 g.) on suitable treatment gave laminari-
biosazone, which recrystallised from hot water containing some pyridine as long needles, m. p.
199—201°, [a]),6 -76-0° in ethanol (c, 0-5) {Connell, Hirst, and Percival (loc. cit.) recorded
Md -71-5° for natural laminaribiosazone; Barry and Dillon (Proc. Roy. Irish Acad., 1941,
22, 423) gave -79-6°, and Freudenberg and Oertzen,—71°} (Found : C, 54-2; H, 6-4; N, 10-4.
Calc. for C24H3209N4 : C, 55-4; H, 6-2; N, 10-7%). The osazone acetate was prepared by
Muir and Percival's method (/., 1940, 1480) ; it formed a yellow amorphous solid.
Laminarin (20 g.) was hydrolysed by heating it with aqueous oxalic acid (750 c.c.; 0-1n)
at 100° for 7 hours. After neutralisation with calcium carbonate and filtration, the solution
was evaporated at 40°/15 mm. to 100 c.c. Examination of the product on a paper chromatogram
[solvent : benzene-M-butanol-pyridine-water (1:5:3:3)] indicated the presence of glucose
(Ra 1-0), laminaribiose (RB 0-75), and four unknown substances having Ra 0-45 and less. The
mixture was separated on a column (25 X 4 cm.) of equal parts of charcoal and " Filter Cel "
(Whistler and Durso, loc. cit.). The charcoal and " Filter Cel " had been thoroughly mixed,
and a suspension in water was poured in small quantities into the column, the lower end of which
was closed with a tightly pressed layer of cotton wool. The water was allowed to drain through
between the additions. The column was washed with water (1500 c.c.) before use. Water
was used as the eluant and after the removal of glucose and a portion of the unknown substance
having R0 0-45 (750 c.c.), a mixture of laminaribiose (1-03 g.) and the rest of the unknown of
R(l 4-5 (200 c.c.) was obtained. Laminaribiose alone was present in the next 800 c.c. and its
complete removal (2-62 g.) was effected by changing the eluant to water-ethanol (10 : 0-7)
(1200 c.c.). The impure fraction of laminaribiose was passed through a smaller column
(12 x 4 cm.). The first fraction contained the unknown sugar, Ra 0-45, and the laminaribiose
(0-37 g.) was obtained after addition of 7% of alcohol to the eluant. The total yield of
laminaribiose was 2-99 g. After crystallisation it had m. p. 204—206° not depressed on
admixture with synthetic laminaribiose; [oe]i> +26-5° (15 minutes), +19-5° (40 hours, constant)
in water (c, 2-8). Through the kindness of Dr. C. A. Beevers, JA-ray powder photographs of
the natural and the synthetic product were obtained, a copper target and 1 hour's exposure
(25 mA; 50 kv) being used; the two substances gave identical photographs (Found : C, 42-1;
H, 6-8. Calc. for C^H^C+j : C, 42-1; H, 6-5%).
Octa-acetyl $-Laminaribiose.—Laminaribiose (0-53 g.) (from laminarin) and anhydrous
powdered sodium acetate (0-26 g.) were heated with acetic anhydride (3 c.c.) at 100°. After
20 minutes the powder had dissolved, and heating was continued for a further 20 minutes. The
addition of water (15 c.c.) caused the precipitation of an oil which was separated from the
supernatant liquor (C). This oil solidified very slowly when kept under cold water. The
solid (0-31 g.; m. p. 135°) was crystallised by the addition of methanol to its solution in
chloroform, followed by concentration. Crystallisation was initiated by the addition of ether,
followed later by light petroleum (b. p. 40—60°). After five recrystallisations octa-acetyl
ft-laminaribiose was obtained as prismatic needles, m. p. 160—161°, [a]i> —28-8° in chloroform
(c, 2-5) (Found: C, 49-7; H, 5-7; Ac, 50-7. C28H38019 requires C, 49-6; H, 5-6; Ac, 50-7%).
Synthetic disaccharide (0-22 g.) was treated as above and after three recrystallisations from
methanol-ether gave octa-acetyl (3-laminaribiose (0-08 g.), m. p. 156—158° not depressed on
admixture with the material just described; [a]" —25-3° in chloroform (c, 2-2).
Octa-acetyl a.-Laminaribiose.—(a) Laminaribiose from laminarin. The liquor (C) (see previous
paragraph) was neutralised (sodium hydrogen carbonate) and extracted with chloroform. On
evaporation of the chloroform, crude octa-acetyl laminaribiose was obtained as a yellow oil
(0-6 g.). This material was isomerised by heating it with acetic anhydride (3 c.c.) and fused
zinc chloride (0-04 g.) (cf. Hudson and Johnson, J. Amer. Chem. Soc., 1915, 37, 1270). After
45 minutes the mixture was cooled and water (20 c.c.) added. On the repeated addition of
water and decantation, the precipitated oil solidified. After four recrystallisations of the brown
solid (0-38 g.) from chloroform-ethanol octa-acetyl ct-laminaribiose was obtained as prismatic
needles containing one molecule of ethanol of crystallisation; it had m. p. 77—78°; [a]" +20°
in chloroform (c, 3-6), calculated for the ethanol-free compound (Found : Ac, 47-5, 47-8.
C28H38019,C2H60 requires Ac, 47-5. C28H38019 requires Ac, 50-7%). The rotation figures for
the a- and the (3-octa-acetate indicate that the separation of the two isomers is not quite
complete (compare Hudson and Johnson, ibid., 1917, 39, 1272).
(b) Synthetic laminaribiose. The sugar (0-075 g.) was acetylated by the procedure described
by Kruger and Roman (Ber., 1936, 69, 1832) and Nicolas and Smith (Nature, 1948, 161, 349)
(yield of crude octa-acetate, 51%). Recrystallisation from ethanol gave a product having
m. p. 77—79°, not depressed on admixture with the octa-acetate from natural laminaribiose
described above, [a]jJ +21° in chloroform (c, 1-8) (Found : C, 50-0; H, 6-3; Ac, 47-9. Calc.
for C28H38019,C2H60 : C, 49-7; H, 6-1; Ac, 47-5%). Attempts to remove the ethanol from
the crystals only led to its replacement by other solvents; for instance recrystallisation from
methanol gave a product having [ocjjf +21-5° in chloroform (c, 2-56), m. p. indefinite, containing
one molecular proportion of methanol of crystallisation (Found : C 49-0; H, 6-2; Ac, 48-9.
C28H380i9,CH40 requires C, 49-0; H, 6-0; Ac, 48-5%). Similar results were obtained with
benzene.
Hepta-acetyl Laminaribiosyl Bromide.—Laminaribiose octa-acetate (0-6 g.; a mixture of
the a- and the (3-form) was added with shaking to glacial acetic acid (2 c.c.) saturated with
hydrogen bromide at 0° (Latham, May, and Mosettig, J. Org. Chem., 1950, 15, 884). After
5 minutes, cooling was discontinued but shaking was continued until all the octa-acetate had
dissolved (10 minutes). The viscous oil which separated was kept at 15° for 3 hours. Addition
of dry toluene (20 c.c.) followed by its removal at 40—50°/12 mm. gave after two such operations
a pale yellow solid (0-48 g., 83%). Crystallisation of this from chloroform-ethanol gave white
needles (0-44 g.), m. p. 165—167°. After four recrystallisations from chloroform-ether-light
petroleum hepta-acetyl laminaribiosyl bromide was obtained having m. p. 180-5—181-5°
[<*]" +85-0° in chloroform (c, 3-0) (Found : C, 45-15; H, 4-9; Br, 10-8. C26H36017Br requires,
C, 44-6; H, 5 0; Br, 11-4%).
Hepta-acetyl Methyl-fi-laminaribioside.-—Hepta-acetyl laminaribiosyl bromide (0-32 g.), dry
methanol (10 c.c.), and dry benzene (10 c.c.) [dried by shaking it with " Drierite " (3 g.) for
2 hours] were shaken in the dark with dry silver carbonate (0-5 g.) and iodine (0-1 g.) until a
test sample gave no precipitate with silver nitrate (20 hours) (compare Reynolds and Evans,
J. Amer. Chem. Soc., 1940, 62, 66). Chloroform (50 c.c.) was added, and after filtration aided
by " Filter Cel," followed by evaporation of the solvent, a red syrup was obtained which
crystallised on the addition of ethanol (yield 0-255 g., 86%). Hepta-acetyl methyl-(3-lamina-
ribioside after three recrystallisations from ethanol had m. p. 164—165°, but on further heating
it resolidified and melted again at 179—180°. In another experiment the substance was
obtained in the first instance as needles, m. p. 183°; nevertheless on recrystallisation it showed
the double melting point, 164—165° and 179—180°, and had [a]],6 —45° in chloroform (c, 1-7)
(Found: C, 50-0; H, 6-0; OMe, 4-3; Ac, 48-0. C27H38018 requires C, 49-8; H, 5-9; OMe,
4-8; Ac, 47-7%).
Methyl-$-laminaribioside.—Hepta-acetyl methyl-(3-laminaribioside (0-408 g.) in dry methanol
(10 c.c.) was boiled with sodium methoxide (1 c.c.; 0-1n) for 1 hour (Zemplen, Ber., 1936, 69,
1827). Filtration through charcoal and removal of the solvent gave a colourless syrup, which
crystallised after 4 days under alcohol. Three recrystallisations from ethanol-ether gave
methyl-$-laminaribioside as fine needles, m. p. 165—166°, [a]]? —28° in water (c, 2-5) (Found :
C, 41-9; H, 7-0; OMe, 7-8. C13H24011,H20 requires C, 41-7; H, 6-95; OMe, 8-3%).
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